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SYSTID USER»S MANUAL 
PREFACE 

THIS DOCUMENT DESCRIBES THE USE OF THE COMPUTER >RQeRAM 
SYSTID UNDER THE UNIVAC ' EXECS? LEVEL 31 OPERATINS SYSTEM. 
THE VERSION OF SYSTIO PROSRAM DESCRIBED IN THIS MANUAL WAS 
ENHANCED UNDER CONTRACT, NAS9-13779, I A DESIGN ANALYSIS AnO 
COMPUTER-AIDED PERFORMANCE EVALUATION; OF, THE SHUTTLE ORBITeR 
electrical power SYSTEM'. 

SYSTiO WAS DRieiNALLY DEVELOPED FOR THE SIMULATION OF 

communication systems Under contracts nasp-iossei .'sYstio - 

SYSTEM .TIME DOMAIN SIMULATION PROGRAM' AND NA89-UTA3, 'ADVANCED 
CPMMUNICATIpN, SYSTEM TIME DOMAIN MODELING’ TECHNIQUES' .* THE ;dRl- 
GINAL versions OPERATED UNDER THE UNIVAC EXEC 2 OPERATING .SYSTEM. 

THE MODELS DESCRIBED IN THIS DOCUMENT ARE THOSE WHICH WERE 
available in THE ORIGINAL VERSIONS OF SYSTIO. THE , POWgR 
SYSTEM MODEL LIBRARY OEVELOPEO UNDER THE CONTRACT ARE THE SUBJECT 
OF another DOCUMENT. 
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1. program description 

SYSTIO IS A SYSTEM OF COMPUTER ROUTINES WHICH PROVIDES THE 
ANALYST WITH A POWERFUL TOOL FOR THE TRANSIENT SIMULATION AND 
analysis -OF COMPLEX SYSTEMS. SYSTID WAS INITIALLY DEyELOPEDFoR 
THE SIMULATION OF COMMUNICATIONS . SYSTEMS, ALTHOUGH OTHER 
CONTINUOUS , SYSTEMS HAVE BEEN. SIMULATED. A. LIBRARY OF MODELS FqR 
POWER SYSTEMS HAS RECENTLY BEEN DEVELOPED FOR APPLICATION TO THE 
SPACE SHUTTLE POWER SYSTEM. 

SVSTID : ACCEPTS AS INPUT A TOPOLOGICAL ■ t B.LACK-BOX ' ' OESCRIP. 
TION, OF A ■SYSTEM, AUTOMATICALLY .GENERATES ' THE APPROPRIATE 
algorithms, and THEN, PROCEEDS TO EXECUTE THE SIMULATION PROGRAM. 
THUS the USER IS NOT NECESSARILY REQUIRED TO WRITE THE ALGORITHMS 
IN A COMPUTER. LANGUAGE NOR POSSESS A GREAT FACILITY IN .COMPUTER 
PROGRAMMING, THE SYSTEM DESCRIPTION, INCLUDING BOTH TOPOLOGY AnD 
ELEMENT INFORMATION,. , IS ■ SUPPLIED TO THE PROGRAM , IN, A FREE-FORM, 
USER controlled ENGINEERING LANGUAGE" WHICH. IS EASILY LEARNED. 

SYSTiO OFFERS THE USER ENORMOUS FLEXIBILITY IN THE REPRESEN* 
TATION of SYSTEM ELEMENTS,. I. E., 'IBLACK BOXESt. AN ELEMENT MAY bE 
DEFINED AS«; 

Cl) A SYSTID LIBRARY MODEL 

C2) A USER WRITTEN, TEMPORARY SYSTID MODEL 
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t3) A FORTRAN ARjTHMETIC EXPRESSION INVOLVING ANY 
. INTRINSIC 8YSTID PARAMETER# CONSTANT, VARIABLE, 
FORTRAN LIBRARY FUNCTIONS, 8YSTID LIBRARY 
FUNCTION, MODEL NODES, AND ANY USER SUPPLIED 
FORTRAN FUNCTION, 

IN addition,. FORTRAN DECLARATION AND EXECUTABLE STATEMENTS MAY BE 
intermixed with the TOPOLOGICAL PROBLEM DESCRIPTION. 

THE 8YSTID MODEL LIBRARY CONSISTS OF A SIT OF COMPUTER 
ROUTINES, EITHER WRITTEN IN FORTRAN OR 8YSTID, WHICH HAVE BEEN 
STORED On a LIBRARY FILE AND CATALOGED IN THE SYSTID DIRECTORY. 
THE USER,. AT ANY TIME, CAN MODIFY OR REPLACE THE LIBRARY AND 
DIRECTORY AS, HE MAY CHOOSE— THUS EVERY USER CAN EASILY C.REATE HIS 
OWN .library, ONE UNIGUE CHARACTERISTIC OF SYSTID IS THE CAPABI- 
. LITY OF NESTING MODELS. THAT IS, ANY MODEL :tOR SYSTlMi CAN 
reference other MODELS 'OTHER. THAN. ITSELF,'. THE NESTING. FEATURE 
PROVIDES THE USER WITH. THE TOOLS NECESSARY TO BUild' A MODEL 
library to suit his .NEEDS based UPON A CANONIC SET OF M0.D.EL3, AN 
EXAMPLE might be A RECEIVER THAT IS USED IN SEVERAL. SYSTEMS — THE- 
RECEIVER WOULD BE A MODEL CONSISTING OF A , CONNECTION OF OTHER 
MODELS. 

THE SASIC, OR CANONIC, SYSTID LIBRARY CONSISTS MAINLY OF A 
GROUP OF ROUTINES WHICH AID, IN THE SIMULATION. OF CONTINUOUS 
FUNCTIONS. THE TECHNIQUE APPLIED IS THAT OF' THE BI-LINEAR 
Z-TRANSFORM REPRESENTATION Of TRANSFER FUNCTIONS, ThE TRANSFER 
FUNCTION MAY BE DEFINED IN SEVERAL WAYS «• IN TERMS OF.. ITS POLES 
AND ZEROS, OR AS .ONE OF THE CLASSICAL FUNCTIONS SUCH Ai.BESSEL, 
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tLLIPTIC# ETC. THE SAMPLE DATA ROUTINES ACCOMPLISH ALL THE 
, necessary TRANSFORMATIONS IN ADDITION TO THE NUMERICAL PROCESSING 
SUCH AS INTEGRATION AND DIFFERENTIATION, IN ADDITION, ALL OF THE 
FORTRAN ARITHMETIC FEATURES ARE .AN INTRINSIC PART , OF THE' SYSTiD 
LIBRARY, ALTHOUGH THEY DO NOT APPEAR IN THE, LIBRARY DIRECTORY,’ 

THE ; BI-LINEAR Z-TRANSFORM _ RATHER THAN THE STANDARD 
Z-TRANSFOrM is used in the REPRESENTATION OF CONTINUOUS FUNCTIONS 
BECAUSE IT ELIMINATES ALIASING ERRORS OF THE FUNCTION,. MAKING 
POSSIBLE THE REALIZATION OF COMMONLY ENCOUNTERED FUNCTIONS WHOSE 
RESPONSE DOES NOT APPROACH ZERO AT’HIGH FREQUENCIES, NOTE THAT' 
aliasing, OF THE, SIGNALS, HOWEVER, IS POSSIBLE.: 

another aspect of the SYSTID MODEL ' LIBRARY IS THAT IT 
CONTAINS FORTRAN SUBROUTINES, — THAT IS, WHIN A . MODEL COR. SYSTEM} 
IS PROCESSED BY SYSTID* THE RESULT IS A FORTRAN SUBROUTINE (OR 
MAIN PROGRAM) WHICH. IS AVAILABLE TO TH,E USER FOR ANY PURPOSE, 
WHETHER FOR . A SYSTiD SIMULATION OR , NOT, THUS, ■ SYSTiD CAN BE 
: VIEWED AS A FORTRAN. PROGRAM GENERATOR, WHICH CONVERTS A, TOPOLOGI- 
CAL, non-procedural INPUT INTO A PROCEDURAL LANGUAGE, NAMELY 
FORTRAN. ALTHOUGH ,NOT . UNIQUE TO SYSTID, THIS ASPECT ALLOWS ONE 
to' evaluate mathematical PROBLEMS VIA SYSTID WITH NO CONCERN FqR 
THE INPUT-OUTPUT CODING NECESSARY IN MOST FORTRAN PROGRAMS., THAT 
IS, SYSTID MAY THUS, BE. VI.EWED AS A SHORT HAND FORTRAN SYSTEM. 

SYSTiDtS FLEXIBILITY IS IN PART ATTAINED BY DESIGNING THE 
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PROGRAM TO EXECUTE AS A MULTIPASS PROCESSOR IN A BATCH OR DEMAND 
MODE OF operation; THE FIRST PHASE READS THE USER INPUT DESCRIP- 
TION OF ALL MODELS AND/OR A SYSTEM AND PROCEEDS TO FORMULATE THE 
corresponding fortran algorithms. in THIS PHASE. THE PROGRAM 
CHECKS For INPUT ERRORS SUCH AS ERRONEOUS MODEL REFERENCES. 
TYPOS, etc, in WHICH CASE APPROPRIATE ERROR MESSAGES ARE ISSUED. 
IF THE FIRST PHASE TERMINATES WITHOUT FATAL ERRORS, THE FORTRAN 
ROUTINES .ARE AUTOMATICALLY COMPILED AND COLLECTED WITH THE SYsTiD 
LIBRARY TO FORM THE SECOND PHASE, THAT OF EXECUTING THE SIMULA- 
TION. 

OUTPUT from the- program INCLUDES, plots AS WELL. AS . tABULATEO 
DATA, CONVENTIONAL OUTPUT IS ANY' SYSTEM NODE OR VARtAsLE .WHICH 
MAY BE INDIVIDUALLY SELECTED. .GRAPHIC OUTPUT CONSISTS OF BOTH 
PRINTER and CALCOMP PLOTS, FORMATTED UNDER. USER CONTROL FOR EITHER 
0-1/2 INCH PAGES OR THE FULL 1<( • INCH PAGE, IN ADDITION, AN 
INTERACTIVE GRAPHICS PROGRAM FOR ACCESSING SYSTIO SAVE PILES HAS 
BEEN developed FOR USE WITH THE JSC MOPS INTERACTIVE TERMINAL, 

THE . ADDITIONAL FLEXIBILITY OF LINKING TO A USER DEFINED POST 
PROCESSING ROUTINE IS INTRINSIC TO SYSTIO WHEN . UTILIZING ThE 
POST system IDENTIFIER, THIS, FEATURE ALLOWS THE USER TO ACCESS 
THE TIME HISTORIES ' OF ANY NODE OR VARIABLE MUCH THE ■ SAME WAY AS 
THE PLOT ROUTINES, UTILITY ROUTINES ARE ALSO AVAILABLE TO PERFORM 
ANY NECESSARY .INPUT AND OUTPUT FOR THE USER, 
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■ THE USER, BECAUSE OF THE TWO PHASE ASPECT OF .SY3TI0, HAS 

available to him several techniques for controlling his computer 

RUNS AND ENSURING THAT THE MOST EFFECTIVE USE IS MADE OF COMPUTER 
TIME. One METHOD IS THAT OF SAVINS THE RESULTS OF THE FIRST 

PHASE, That is, the collected simulation package FOR subsequent 
RERUNS With alternate INPUT DATA. RERUN WOULD THEN SImPlY ENTAIL 
,A LOAO-GO OPERATION. THE ALTERNATE INPUT DATA CAN BE PROVIDED AT 
EXECUTION TIME, BY THE USE OF THE BATA IDENTIFIED IN THE' FIRST 
PHASE, ANOTHER EFFECTIVE USE OF MACHINE TIME IS USING THE- 
checkpoint feature of UNIVAC EXECS . .linkage TO THE CHECKPOINT 
PROCESSOR IS available WITHIN SYSTID., , 
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2. DATA Preparation 

SIVlN A description OF A SYSTEM QR MODEL IN AN ENGINEERING 
oriented LANGUAGEf 8Y3T.ID WIU AUTOMATICALLY GENERATE THE 
FORTRAN CODE REQUIRED, TO SIMULATE THE. SYSTEM OR MODEL. THE USER, 
however, must REDUCE THE SYSTEM OR MODEL TO AN EQUIVALENT BLOCK 
DIAGRAM FORM CONSISTING OF MODEL REFERENCES, MATH EXPRESSIONS, ETC 
WHICH CAN BE INTERPRETED BY SYSTID, 'THE. TRANSCRIPTION OF THE 
EQUIVALENT BLOCK DIAGRAM INTO THE INPUT LANGUAGE IS STRaIGHTFOR* 
WARD AND easily MASTERED, 

THE INITAL STEP IN USING SYSTIO IS TO PREPARE THE EQUIVALENT 
SLOCK DIAGRAM OF THE PROBLEM' TOPOLOGY UTILIZING-THE AVAILABLE 
MODELS And FORTRAN EXPRESSIONS. THE STANDARD MODEL. LIBRARY 
DIRECTORY IS GIVEN IN SECTION 2,5, THE USER IS NOT IN ANY WAY 


restrictid 

PR LIMITED. TO THIS LIBRARY 

ANY 

MODEL 

WITHIN The 

LIBRARY can 

BE REPLACED WITH ONE»S OWN 

MODEL. 

THUS, 

the user*s 

MODEL REPeTOIRE CONSISTS DPI 


„ ' 


1 ) 

THE INVOKED SYSTID LIBRARY 
THE AVAILABLE MODELS. 

DIRECTORY DEFINING 

2) 

FORTRAN MATH EXPRESSIONS. INCLUDING 
CONSTANTS, NODES, ETC, 

variables, 

3) 

ANY STSTID MODEL DEFINED 
STREAM. . 

IN' THE 

SAME 

RUN 


FORTRAN EXPRESSIONS' INTERMIXED WITH 
LOGICAL DESCRIPTION, 

THE ■ 

TOPO" 
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ONCe THE USER HAS SPECIFIED THE EQUIVALENT BLOCK DIAGRAM OF 
HIS SYSTEM OR MODEL» NODE NAMES AND VARIABLES MUST BE ASSIGNED 
WHERE APPROPRIATE. IN MANY INSTANCES, IT IS DESIRABLE TO MODU- 
LARIZE A large SYSTEM INTO MODELS TO SIMPLIFY THE, DATA PREPARATION 
AND debugging,. 

section 3 PRESENTS THE DETAILS OF THE INPUT LANGUAGE AND 
METHODS OF PREPARING THE DESCRIPTION OF THE SYSTEM OR MODEL. 

2.J, rules and assumptions 

I- 

ANY COMPUTER LANGUAGE IS SUBJECT TO SOME SET Op RULES’ AND 
assumptions defined AT THE TIME OF CONCEPTION AND IMPLEMENTATION,' 
THE BASIC assumption M'ADE , IN THE. DEVELOPMENT OF SYSTID IS THAT 
THE USER POSSESSES A NOMINAL AMOUNT OF COMMON SENSE. 

THE LIMITED NUMBER OF RULES' AND ASSUMPTIONS THAT MUST BE 
ADHERED TO IN THE PREPARATION OF A . PROBLEM DESCRIPTION ARE 
SUMMARIZED BELOWJ . 

13 NODE NAMES MUST BE NO MORE THAN . SIX ALPHANU- 
MERIC CHARACTERS, 

2) ALL VARIABLE NAMES AND EXPRESSIONS MUST BE 
FORTRAN COMPATABLE, INCLUDING INTEGER, FLOA- 
TING POINT,. COMPLEX, ETC CONVENTIONS, 

3) INTERNAL MODEL NODES ARE NOT AVAILABLE EXTERNAL 
TO THE MODEL, 

,«t) THE VALUE OF THE SIGNAL AT A NODE IS THE SUM DF 
THE OUTPUT OF ALL MODELS CONNECTED TO THE NObE. 
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5) A MOfJEL MAY NOT REFERENCE ITSELF, BUT MAY 
REFERENCE OTHER MODELS. . 

6) 8Y8TI0 WILL VERIFY THE NUMBER OF ARGUMENTS TO 
A MODEL REFERENCE, HOWEVER IT WILL NOT VERIFY 
THE TYPE OF ARGUMENT, 


2,a, INTRINSIC 8Y8TID VARIABLES 


there are several internal variables used within 8YSTID 

INQROER TO EXECUTE THE SIMULATION. THESE VARIABLES ARE AVAILABLE 
FOR USE IN any expression. CAUTION MUST BE USED TO PREVENT AN 
INAOVERTAnT DESTRUCTION : of THESE VARIABLES,., THE VARIABLES AND 
THEIR USAGE ARE I , ' 


TtMg on T 

THE TIME AS KEPT BY THE Slj^UUA* 
TION CLOCK (UNRELATED TO ACTUAL 

COHPUTER RUN TIME! 

T8TART 

THE SIMULATION START TIME, 
THAT IS, THE TIME BIAS POR OUTPUT 
LABELING. 

T8TOP 

simulation STOP TIME 

settle 

SETTLING TIME' BEFORE OUTPUTTING 


, SIMULATION SAMPLING TIME INCREMENT 

$ ■ 

DENOTES THE SIGNAL VALUE OF THE 

FIRST INPUT NODE OF A TOPOLOGY STATE^ 


WENT 

Ztl 

ABSOLUTE, ADDRESS OF THE FIRST REAL 
DATA CELL available TO THE MODEL 


(VCZ+1)) 

ZWtl 

ABSOLUTE ADDRESS OF THE FIRST 
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COMPLEX DATA CELL AVAILABLE To THE 
MODEL tWtZW+li) 


It 

ABSOLUTE ADDRESS OF THE LAST 
CELL USED BY THE MODEL (SUM OF 
AND 2*COMPLEX VALUES) 

data 

REAL 

VC..) 

: DYNAMIC -STORASE ARRAY 

NODES AND VARIABLES 

' FOR 

real 

WC,.) 

DYNAMIC STORAGE ARRAY 
NODES AND VARIABLES 

FOR ; complex 

PI 




TWOPI 

6.2831B 




NPRINT PRINT OUTPUT EDIT INTERVAL .THAT 

IS,. PRINT EVERY NPRINT SOLU- 
TIONS 

8,3, complex ENVELOPE SIMULATIONS 

when .dealing WITH MODULATED COMMUNICATION SYSTEMS, IT IS 
HIGHLY Desirable to simulate the complex envelope op the -system, 
ASSUMING THE SIGNAL IS ANALYTIC, THE ANALYTIC ASSUMPTION WILL BE 
TRUE IF THE BASEBAND (OR MODULATION) SIGNAL SPECTRUM IS ESSlN- 
TIOALLY zero at THE CARRIER FREQUENCY, IF NOT, A RIPPLE IN THE 
simulation output at roughly twice the carrier. FREQUENCY is INTRO- 
DUCED — THE . CASE IF THE SIGNAL IS A SQUARE WAVE, FOR INSTANCE. 
IN ANY EVENT, THE RIPPLE IS NORMALLY NEGLIGIBLE DUE TO THE LARGE 
RATIO BETWEEN BASEBAND AND CARRIER FREQUENCIES. 

THE IMPLEMENTATION OF. COMPLEX ENVELOPE SIMULATION WAS ACCOMP- 
LISHED IN THE PREVIOUS VERSIONS OF , THE STANDARD .. 8 YST 1 D LIBRARY. 
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documentation of the methodology can.be found in the references, 

THE NEW VERSION OF 8YSTID,. LEVEL III, THRU IMPLEMENTATION OF 
COMPLEX NODES, ETC GREATLY SIMPLIFIES THE USER'S INTERFACE WHEN 
DEALING IN THE COMPLEX TIME DOMAIN, . 

2,m, miscellaneous comments 

OPEN FOR CONTRIBUTIONS OR COMPLAINTS 

a, 5. sysTid model directory 

THE USER MAY MODIFY OR REPLACE THE SYSTID MODEL DIRECTORY 
AND library at WILL, OR CREATE ANY NUMBER OF SUPPLEMENTAL 
LIBRARIES AS NECESSARY, THIS TASK IS ACCOMPLISHED UTILIZING ThE 

UNivAc Execs file handling and editing capabilities in either 
THE demand or batch ENVIRONMENT, THE STANDARD DIRECTORY GIVEN 
BELOW CONTAINS THE NECESSARY INSTRUCTIONS FOR MODIFYING THE, DIREC- 
TORY, 

THE MODEL DIRECTORY SERVES SEVERAL PURPOSES! 


n 

CROSS 

REFERENCES 

MODEL 

NAMES AND SUBROUTINE 


ENTRY 

POINTS, 


2) 

FLAGS 

THE MODEL 

AS A 

FORTRAN subroutine OR 


FUNCTION, 
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3) DEFINES THE NUMBER OP ARGUMENTS TO, THE MODEL.' 

a) DEFINES THE NUMBER AND TYPE OP INPUT AND OUTPUT 
NODES, 

whenever, a model is PROCESSED by 8 VSTID# AN ENTRY POINT NAME 
IS ASSIGNED' TO IT AND ANY SUBSEQUENT MODELS IN THE RUN STREAM. 
THE assignment. IS MADE , BY ALPHABETICALLY INCREMENTING -THE UEAST 
significant CHARACTER of THE DIRECTORY ENTRY IN LINE 2tt.‘ THAT ISf . 
IF LINE 24.',. IS ** MODEL » THEN THE FIRST TEMPORARY HODEL WOULD 
HAVE entry MODELA, THE SECOND MODELB, . ETC, IF LINE gO 

WAS, MODELX,, THEN THE FIRST MODEL : WOULD BE MoDELY, THE 

SECOND. MOOELZii: THE THIRD MODEMA, ETC, .IN ADDITIOn» 

THE APPROPRIAfE, ENTRIES ARE TEM.PORILY MADE IN THE DIRECTORY FOR 
DEFINING. THE MODEL FOR’ THE PARTICULAR RUN. ONLY. AN EXAMPLE IS 
GIVEN IN SECTION b, WHERE THE DIRECTORY ENTRY IS 'THE FIRST LINE OF 
OUTPUT, IF IT WIRE’ DESIRABLE f 0 ■ ADD THE MODEL TO THE PERMANENT 
LIBRARY#, ONE OF TWO PATHS IS AVAIUABLES 

1 ) RENAME THE ENTRY POINT. BY RECQMPttlNS AND 
UPDATING THE FORTRAN SUBROUTINE AND ENTER THE 
APPROPRIATE DATA INTO THE DIRECTORY, 

25 ADD THE SYSTID GENERATED DIRECTORY CARD'. InTQ 
THE DIRECTORY AND CHANGE LINE ,2tt TO REFLECT THE 
HIGHEST MODEL NAME IN THE LIBRARY, 

certainly THE LATTER IS MUCH EASIER, BUT MAY, LEAq TQ FUTURE 
. CONFUSION, 
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t ' 

a THIS element is the model libary directory for the systid processor.' 

3 additions and deletions, can be made simply by REM0VIN8 OR ENTERING THE 
.R DESCRIPTOR CARD, ALL INTEGERS MUST BE RIGHT JUSTIFIED.' 

S, ■ FORMAT' : ■ , 

S A ' CD 1-36 MODEL NAME, ALPHANUMERIC, LEFT ADJUST AND NO EMBEDDED 
T BLANKS 

.8 'B CC 37-R2 THE ENTRY POINT. NAME CORRESPONDING TO CA) 

9 ,C CC 45 tft FDR FUNCTION, ' t OR, 'S' FOR SUBROUTINE 

10 D CC 47*48 THE NUMBER OF .ARGUEMENTS REQUIRED FOR (B5 

11 E CC 53-S4 THE .NUMBER OF INPUTS TO THE MODEL 

12 F CC S6-57 THE NUMBER OF OUTPUTS FROM THE MODEL 

13 G CC 61-72 AN OCTAL CONSTANT REPRESENTING THE TYPE OF. EACH 

14 , INPUT S OUTPUT NODE, IF ALL THESE NODES ARE REAL 

15 THIS FIELD CAN BE LEFT BLANK. OTHERWISE, THE LEfT« 

IS MOST BIT OF THIS WORD SHOULD BE SET To 1 IF THE FIRST 

17 INPUT NODE IS COMPLEX, THE 2ND BIT, FOR THE NEXT , 

17 INPUT NODE ETC, THE FIRST OUTPUT NODE FOLLOWS ThE 

18 LAST INPUT NODE, A MODEL WITH 1 INPUT nODE & 1 tjUTPUf 

IR . NODE WOULD NEED A 6 IN COLUMN 61 IF BOTH NODES WeRf 

ae complex, a model with 4 REAL INPUT NODES t 4 COMPi’EX, 

ai . OUTPUT NODES WOULD REQUIRE 036 IN CC 61, 02, S3 

** model THIS CARD STARTS THE LIBRARY AND ENTRY POINTS ■ 
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FILTER 
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GENRAL 
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GENERAUPIUTER 

GENRAl 

9 

1 

1 

eUTWTH 

BUTWTH . 
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BUTTERWORTh . 

BlUTWTH 

fe 
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BUFUNCnON 

BUTWTH 

6 

■ vl 
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BESSEL 

BESSEL 
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1 

befunction 

BESSEL 
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9UTOM 

BUTOM 

7 
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BUTTERWORThTHOMPSON 

BUTOM 

7 

1 

1 

btfunction 

BUTOM 

7 

1 

X 

ELIFTC 

ELIPTC 

8 

1 

1 

ELLIPTIC 

ILIPTC 

6 

1 

1 

ELFUNCTION 

ELIPTC 

8 

1 

1 

OFACT 

QFACT 

7 

1 

1 

QFACTOR 

QFACT 

7 

1 

1 

QUADRATICFaCTQR 

QFACT 

7 

1 

1 

LEADLAG 

ledlao 

5 , 

1 

i 

LDOPFILTER 

LEDLA6 

5 

; 1 

1 

LEAOFUNCTION . 

LEAOIT 

a 

1 

1 

CHEBY. 

CHEBY 

7 

. 1 

X 

CHEBYCHEV 

CHEBY 

7 

i 

i 

TCHEBYCHEV 

CHEBY 

7 

i. 

1 
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ASATE 

AGATE 


2 

1 

i 

AMMODUIATOr .. 

AMMOD 


2 

1 

i 

ammod 

AMMOD 


2 

■ 1 

i 

AMDEM 

AMOEM 


. 0 

1 

i 

ampuitudeoemqoulator 

AMOEM 


0 

1 

1 

AMPLITUOEDEMOOUUATQRSQUARILAW 

AMDESQ 


2 

1 

i 

amdesq 

amoeso 


2 

1 

1 

CMUUT 

CMULT 


2 

1 

1 

COMPUEXMULTIPUER 

CMULT 


2 

i 

1 

COMPUEXADDeR 

CAOO 


2 

1 

i 

CAOO 

CAOD 


2 

1 

i 

COSINE 

COSINE 

F 

1 



OeLTAMOOULATOR 

OELMOD 


2 

1 

1 

OEtMOO 

OELMQO 


2 

1 

1 

DIFFERENTIATOR 

DIFFER 


0. 

. 1 

1 

DIF 

DIFFER 


0 

1 

i 

DIFFER 

DIFFER 


0 

1 

1 

fhmoduuatpr 

FMMOD 


2 

1 

1 

fmmod 

FMMOD 


2 

1 

1 

frequencyoemodulator 

FMDEMM 


2 

1 

1 

FMDEMM 

FM0EMM 


2 - 

1 

1 

FM0EM 

• FMDEMM 


2 

. 1 

1 

fmdemqd 

FMPEMM 


2 

1 

1 

PMDCTD 

• f'mdemm 


.2' . 

1 

1 

DNOISE 

6NQI8B 

F 

3 

••> 


0N0IS2 . 

GNOISS 

p- 

2 



HaRDLIMITEr 

HARD 


0 

1 

1 

hard 

HARD. 


0 

1 

1 

INTEGRATOR 

INTGRT 


0 

1 

1 

INTORT 

INTGRT 


0 

1 

1 

integralwithinitialconditions 

INTGIC 


1 

1 

1 

INTGIC 

INTGIC 


1 

1 

1 

MATCHEOFILTER 

MFLTER 

. 

I 

1 

1 

MFLTER 

MFLTER 


1 

1 

1 

MONOSTA0UE 

■ MONO 


1 

1 

1 

MONO 

MONO 


1 

1 

1 

multilevelpcm 

MLTPCM 


2 

. 1 

1 

MUTPCM 

MLTPCM 


2 

1 

1 

nrzubitstream 

NRZL ' 


5 

1 

t 

NRZL 

NRZL 


3 

1 

1 

phasemodulator 

PMMODD 


2 

1 

1 

pmmod 

PMMODD 


2 

t 

1 

pmmodd 

PMMODD 


2 

.1 

i 

phasedemoduuator 

PMOEMM 


2 

1 

1 

pmdemm 

PMOEMM 


2 

1 

i 

phaseshifter 

PHSHFT 


2 

1 

i 

PHSHFT 

PHSHFT 


2 

1 

i 

periodictablefunction 

PTABLE 

F 

10 



PTA81E 

PTABLE 

F 

10 



Puuse 

PULSE 

F 

5 
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HANDOMBITSENERATOR 

R8GEN 

RF80FT 

RFSOFTUIMITER 

RFLIMITER 

RFUIMT 

^RFSHFT 

RFPHASESHIFTER • 

RFPHAS 

RPPHASE 

RFPDEM 

rfphaseoemqduuator 

-RPMMOD 

. rfphasemooulator 

RFFREQ 

RFREOUENCY 

RFMOEM 

RFFREQUENCYOEMODULATOR 

RFMMOD 

RFFMMDDULATOR 

RFENVE 

RFENVELOPe 

ramoem 

RFAMOEMODULATOR. 

RAMMOD 

RFAMPLITUDEMDBULATOR 

SINE ' 

SQFTLIMITER 

SOFTY 

SPLIT 

89 

SQUAREWAVE 

SOUAREWAVEFREOUENCYMODULATOR 

S9FMM0D 

souarewavephaSemddulatdr 

SQPMOD 

table 

table 

ZRODET 

ZEROCROSSiNGDETECTDR 

ATDD 

DTOA 

8HDTOA . 

TWT 
SIN ■ 

COS 

pnpuls 

RCPULS 
' V 

COMPLEXSET , 


RSGEN 


1 

1 

1 


RBGEN 


1 

1 

1 


RFSOFT 


a 

1 

1 

s 

RFSOFT 


Z 

1 

1 

6 

rfuht 


0 

1 

1 

6 

RfUMT 


0 

1 

1 

6 

RF8HFT 


2 

1 

1 

6 

RF8HFT 


2 

1 

1 

6 

RFPHAS 


C 

1 

1 

4 

■RFPHAS 


0 

1 

1 

4 

RFPDEM 


t 

1 

1 

4 

RFPDEM 


1 

1 

1 

4 

RPMMQD 


X 

1 

1 

2 

RPMMCIO 


1 

1 

1 

2 

RFFREQ 


0 

1 

1 

4 

■RFFREQ. 


0 - 

1 

1 

a 

RFMOEM 


1 

1 

1 

4 

RFMOEM 


1 

1 

•'1 . 

■4 

RFMMOD 


1 

1 

1 

2 

RFMMOD 


1 

1 

1 

2 

RFENVE 


1 

. ■ 1 

1 

4 

RFENVE 


i 

1 

1 

4 

RAMOEM 


l 

1 

1 

4 

RAMDEM 


1 

''‘I 

1 , 

4 

RAMMOD . 


3 

' 

1 

2 

RAMMOD 


3 


■',t . 

2 

SINE 

F 

i 




SOFTY 


2 

■; 't 

1 


SOFTY 


2 

1 

1 


SPLIT 


0 

1 

1 

2 

SQ 


1 

i 

1 


S6 


1 

i 

1 


SOFMOD 


2 

i 

1 


SQFMDD 


2 

1 

1 


SQPMOD 


2 

1 

1 


SQPMOD 


2 

' 1 

1 


TABLE 

F 

11 




TABLE 

F 

11 




ZRODET 


0 

1 

1 


ZRDDET 


0 

1 

1 


ATOD 


ii 

1 

1 


DTOA 


ti 

1 

1 ■ - 


8H0T0A 


« ■ 

.1 

1 


TWT 


3 

1 

1 


SIN 

F 

1 




COS 

F 

1 

;• 



PNPULS 

F 

4 




RCPULS 

F 

5 




V 

F 

1 
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COMSET 

COMSET 

RCCHANNEL 

pbeestimatqr 

AVERAGE 

RPULSE 

ESTMAT 

s$ssss 


COMGET 0 1 

COMSET 2 i 

RCHAN 71 

eSTMAT 12 1 

AVRAGi 0 1 

..RPULSE • F 2 
ESTMAT 12 1 


1 

i 

i 

1 

1 

1 



) 1 


3.0 INPUT LANGUAGE 
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3, INPUT language 


3.1. OENeRAL statement, COMMENTS, % CONTINUATIONS 

THE. 8YSTID INPUT LANGUAGE . CONSISTS OF DESCRIPTIVE STATE- 
MENTS constructed largely from user DEFINED names .ANO SPECIFICA- 
TIONS, SEVERAL KEY VARIABLES ARE USED, AS DEFINED EARLIER IN 
SECTION a-g, IN ADDITION TO NAMES WHICH REFERENCE DEFInEO LIBRARY 
MODELS. the ■ STATEMENTS CAN BE PUNCHED IN A COMPLETELY . FREEFIELD 
data card (COLUMNS 1-60J. ■ since statements. are scanned from both 
THE left and the RIGHT, FIELD DELIMITERS MAY;*' IN GENERAL, BE 
ANY NON-AUPHANUMERIC CHARACTER. A .STATEMENT MAY HAVE 
continuation cards, which ARE DEFINED BY A NON-ALPHaNUMERIC ,IN. 
COLUMN I, (OBVIOUSLY, A 7-8 PUNCH MAY NOT. BE USED A.S A CONTINUA- 
TION CHARACTER), A CARD WHICH HAS A NON-ALPHANUMERIC IN COLUMN a 
OR later as THE FIRST NON-BLANK CHARACTER IS TREATED AS A COMMENT. 
COMMENTS may APPEAR . ANYWHERE EXCEPT WITHIN A CONTINUED STATEMENT. 
COMMENTS. MAY BE CONTINUED, WITH THE EXCEPTION OF COMMENTS, THE 
title ON A 8Y8TEH CARD, AND FORTRAN STATEMENTS, BLANKS ARE 
IGNORED By SYSTIO. 
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3.2, commands, Topology, and hierarchy 


THERE ARE TWO TYPES OP SY3TID STATEMENTSi I.E.' COMMANDS 
AND topology STATEMENTS, WITH THE, EXCEPTION Op THE END CARO, 
ALL commands must APPEAR AT THE BEGINNING OP A MODEL DR SYSTEM, 

AND ALL Topology statements must follow all the commands, . 

THE FOLLOWING LIST. SHOWS THE ORDER IN WHICH SYSTiD STATE- 
MENTS MUST BE PLACED. STATEMENTS IN THE SAME COLUMN MAY Bl INTER- 
MIXED WITH EACH OTHER IN ANY ORDER, FOR EXAMPLE, TOPOLOGY STAT|- 

ments and executable fortran may be completely intermixed? but 

THEY MUST FOLLOW ALL OTHER CAROS IN THE SYSTEM OR MODEL EXCEPT 

THE END CARO,. 


SYSTEM , „ MODEL 

COMPLEX . DEFINE 

OATA FORTRAN (NON-EXEcUTABlE) 

Default set 

OEFINE. topology statements 

. Fortran (non-executable) fortran (executable) 

Implicit COMPLEX end 

Implicit real 
Page 
• Plot 

POST 

PPLOT . 

PRINT 

' Real 

, . SAVE 

• SET' 

VARY 

TOPOLOGY STATEMENTS 
FORTRAN (EXECUTABLE) 

END 
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3.3. commands 


THE 8Y3TID COMMANDS ARE PRIMARILY CONCERNED WITH INITIALI- 
ZING AND CONTROLLING THE EXECUTION OF A SYSTID SIMULATION, THE 

SYSTIO Command key word is followed by a delimiter, Which is 

; FOLLOWED BY AN EXPRESSION, A NODE LIST, OR OTHER DATA RELEVANT TO 

THE Command, 


3,3.1,' system & MODEL DECLARATION! 


■. SYSTEM! TITLE 

THIS IDENTIFIER INSTRUCTS SYSTID TO- EXPECT 
OTHER commands DEALING WITH INPUT/QufPUT, BTC., 
■ AND TO generate A MAIN PROGRAM, THE TITLE 
SERVES TO LABEL ALL OUTPUT (36 CHARACTERS), 
E.G, !, 

SYSTEM I TRY ME SOMETIME 


3,3,1, a. MOOELi « INI-,, .-INK- NAME(ARG1,,,.,ARGN)«0UT1-.'.>0UTJ 

THIS IDENTIFIER INSTRUCTS SYSTID TO EXPECT A 
MODEL DEFINITION (MOST COMMANDS ARE ILLEGAL IN 
A MODEL) AND TO GENERATE A SUBROUTINE, THE 
MODEL NAME MUST BE NO MORE THAN 36 CHARACTERS, 

THE PARENTHESIS AND COMMAS ARE REQUIRED, THE. 
DELIMITERS, ('ll AND USED IN ABOVE 
example), SHOULD NOT BE EITHER LEFT OR RIGHT 
PARENS TO AVOID CONFUSION, TO AVOID AMBIGUITY 
IN THE CASE WHERE THE MODEL NAME IS LESS THAN 
SEVEN CHARACTERS AND THERE ARE NO ARGUEMENtS TO 
THE MODEL, THE FOLLOWING FORMS MAY BE USED % 

, , ,. - ,NAME( )-,,,. 
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OR •«. « (NAME) w 

examples,! 

MODEL I Xf UMF RECEIVER ^ Y 

MODEL * INPUT • FM MOOULATORCSETA^FC) • OUTPUT 
MODEL A INl,IN2FlN3<rIN4 p ADD4(ARG) - RESULT 


1.3. U3, END I COMMENT 

SIGNIFIES THE END OF A MODEL OR SYSTEM DESCRI-* 
PTION, 


3.3,2, node TYPING 


ALU NODES ,IN A SYSTID SIMUUATION ARE TYPED EITHER. REAL OR 
COMPLEX (REAL IS DEFAULT). SEE THE SECTION .ON INTERMIXING 
FORTRAN FOR THE TYRE CONVENTIONS. 'OF VARIABLES, WHICH ARE NOT 
NODES, 


3. 3. 2, I, IMPLICIT REAL 

ASSUME ALL NODES IN THE SIMULATION ARE REAL 
UNLESS DECLARED OTHERWISE, THIS IS THE 
default CONDITION. 


3, 3. 2, 2, COMPLEX ! NAMEl. NAME2. , , , > NAMEN 

THE N NODES# NAMEt THRU NAMEN# ARE TYPED 
COMPLEX, CONTRAST THE SYSTID RiEAL AND 
complex- STATEMENTS WITH THE CORRESPONDING, 
FORTRAN STATEMENTS# WHICH HAVE NO DELIMITER- 
following THE KEY-WORD# AND ARE USED TO TYPE 
FORTRAN variables. 


3,3, 2. 3. IMPLICIT COMPLEX 

assume all nodes IN THE SIMULATION a«E 
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COMPLEX UNLESS DECLARED OTHERWISE, 


3.3,3,«, REAL « NAMEl, NAMES, , . , , NAMEN 

THE N NODES, NAME! THRU NAMEN, ARE TYPED 
REAL, SEE THE COMPLEX COMMAND. THIS 
STATEMENT IS REQUIRED TO HAVE A REAL NODE IE 
THE IMPLICIT COMPLEX STATEMENT IS USED. 


3,3,3, I/O and POST-PROCESSING 

SYSTiD POST-PROCESSING COMMANDS tPRINT, ■ PLOT, PPLDT» 
POST, SAVE) ARE AN EXCEPTION TO THE GENERAL SYSTID, RULES OF 
USING COMPLEX NODES, IN THAT A. NODE NAME REFERENCES EITHER A REAL 
NODE OR THE REAL PART OF. A COMPLEX ■ NODE,. IF THE tMAGINAR.y PART 
OF A complex node IS TO BE SAVED FOR POST-PROCESSING, IT MUST BE 
PRECEEDED by a DELIMITER, THE $ IS RECOMMENOEO .TO 'CONFORM TO TgE 
NOTATION USED ELSEWHERE' IN THIS TEXT, FOR. EXAMPLE! . 

COMPLEX * X,Y,CT 
PRINT * X,SY,CT,$CT 

WILL PRINT, THE REAL PART OF X, THE IMAGINARY PART OF V, AND BOTH 
THE REAL AND IMAGINARY PARTS OF CT. 

3, 3. 3,1, ■ PAGE’ ! 'COMMENT 

THIS COMMAND, MERELY 0Y BEING PRESENT, CAUSES 
all PRINTED OUTPUT TO BE 8-1/2 BY 11 INCH 
COMPATIBLE,.. 


3,3, 3, 2, PLOT I NAME!, NAMES, . . . , NAMEN 
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THIS cqhmand is similar to pplqt, the excep- 
tion BEING THAT HERE THE CALCOMP ■ (OR SCiiOfeO) 
PLOTTER IS UTILIZED^ E.G.p 

PLOT! Xf NODE«fDUTPUT 


3. 3. 3, 3, POST' f SUBROUTINE NAME, NAMElfNAMEE, . • #NaMEn 

THIS COMMAND CAUSES A POST-PROCESSING ROUTINE 
NAMED ^SUBROUTINE NAME* TO BE CALLED FOLLOWING 
THE simulation, THIS ROUTINE IS CALLED FOR 
EACH OCCURENCE OF NAMEIr WHICH MAY BE NODES OR 
variables, THE CALL SEQUENCE GENERATED IS 
SIMILAR TO THAT OF THE PLOT REQUESTS, THE ONLY. 
DIFFERENCE BEING THE ENTRY POINT.' .UTILITY 
ROUTINES ARE AVAILABLE FOR INTERFACING A USER 
POST-PROCESSOR WITH THE DATA TIME HISTORIES 
WHICH ARE STORED ON TEMPORARY FILES, SEE ALSO 
THE SECTION ON WRITTING FORTRAN' 
POST-PROCESSING ROUTINES., 


3. 3. 3, 4, PPLOr I NAMEl,NAMl2f . * ,NAMEN. 

THIS COMMAND DEFINES THE DATA TO BE' PRINTER 
PLOTTER FOLLOWING THE SIMULATION,. THE QUANTI- 
TIES MAY BE NODES OR VARIABLESr E.G,# 

PPLDT t NODESl,B, SCOMP 


3,S.3,5,\ print 1 NAMEl,NAME2, . ... ,NAMEN 

THIS IDENTIFIER DEFINES THE DATA TO BE PRINTED 
DURING THE SIMULATION, BOTH NODES 
VARIABLES MAY BE PRINTED. NOTE THAT TIME 
IS AUTOMATICALLY PRINTED - IT' NEED NoT BE 
■REQUESTEDV ' SEE "ALSO THE. PAGE COMMAND AND THE 
INTRISIC 8YSTID VARIABLE »NPRINT», 


3. 3, 3, 6. SAVE f. QUAL I NAMEl,NAME3, , , , fNAMfN 

THE TIME HISTORIES. OF THE N NODES, NAMEl TH«U 
NAMEN, ARE SAVED ON SEPARATE FILES. FOR LATER 
EXAMINATION OR PROCESSING, QUAL MAY BE UP TO 
FIVE ALPHANUMERIC CHARACTERS, THE FIRST OF 
WHICH, MUST BE A LETTER, THE NAMES OF THE 
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FlL.ES ON WHICH THE TIME HISTORY VALUES ARE 
SAVED ARE FORMED FROM THIS QUALIFIER AND THE 
NODE NAMES 


3,3.4. data. INITIALIZATION AND RUN CONTROL 

3. 3,4.1, data t VARl.VARE, , . . <VARN 

THIS COMMAND , NAMES A LIST OF VARIABLES WHICH 
CAN .BE REAP' IN AT SIMULATION TIME UNDER NAmEw 
LIST 8Y8TID, WHENEVER THIS STATEMENT 

APPEARS, A NAMELIST DATA CARO MUST APPEAR 
AT EXECUTION. TIME. THE NUMBER OF VARIABLES IS 
LIMITED TO 20, THE VARIABLES MUST CONFORM TO 
FORTRAN REQUIREMENTS, AND, MAY BE ANY INTRINSIC 
8Y8TI0 VARIABLE, E.B., 

DATA P TSTOP,DT,NPRINT,MEDIA,8AMiA 

THE. PHASE 2 INPUT DATA FOR THIS EXAMPLE WOULD 
BE,- FOR EXAMPLES 

. SSYSTID DT»1,5E»6, TSTOPstO,, SEND 

WHICH IS STANDARD FORTRAN NAMELIST INPUT,' 
NOTES THIS STATEMENT SHOULD NOT BE CONFUSED 
WITH THE FORTRAN DATA STATEMENT. 


3,3. 4, 2, DEFAULT S VARloCONST, , . , ,VARN=CONST. 

ALTERNATELY, DEFAUL' I . . . 

THIS COMMAND SERVES TO LOAD DEFAULT VALUES FOR' 
ANY VARIABLE IN THE SIMULATION, INCLUDING ANY 
INTRINSIC 8Y8TID VARIABLE. THE CONSTANT 
■ VALUES MUST CONFORM TO THE FORTRAN RULES OF 
INTEGER , FLOATING. POINT, AND COMPLEX VARIABLES 
OR ERRORS MAY OCCUR. . THE NUMBER OF ENTRIES IS 
LIMITED TO 25, 

DEFAULTS DTbI,SEwS,TSTOP»2.0, Ab10.,Io.Us3 - 


3. 3.4,3. DEFINE S VARIABLEbFQRTRAN EXPRESSION 


THIS COMMAND GENERATES A FORTRAN 'DEFINE' 
STATEMENT, 'VARIABLE' MUST BE A LEGAL' 


3-7 
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FORTRAN NAME. WHEREVER THIS NAME APPEARS IN 
THE GENERATED FORTRAN PROGRAM, THE FORTRAN 
EXPRESSION IS CALCULATED USING THE CURRENT 
VALUES OF ANY VARIABLE WHICH MAY APPEAR IN THE 
EXPRESSION, AND THIS RESULT IS USED FOR THE 
VALUE, OF tVARIABLE', 

NOTEl A FORTRAN DEFINE STATEMENT MAY BE 
USED directly by OMITTING THE DELIMITER. 


3.3. a, «. SET J VARIABLE = FORTRAN EXPRESSION 

THIS COMMAND GENERATES A FORTRAN ASSIGNMENT 
STATEMENT WHICH SITS 'VARIABLE'. EQUAL TO THE 
VALUE OF 'FORTRAN EXPRESSION', 

NOTE! THE SAME AFFECT CAN BE HAD WITH A 
FORTRAN ASSIGNMENT STATEMENT, HOWEVER,, A 
SET STATEMENT DOES NOT CAUSE 8YSTI0 TO BEGIN 
SCANNING FOR TOPOLOGY STATEMENTS, AS AN EXECU- 
TABLE FORTRAN STATEMENT WOULD, ALSO, THE 
CODE GENERATED BY A SET STATEMENT IS OUTSIDE 
THE RANGE OF THE SIMULATION LOOP, WHEREAS THE' 
FORTRAN STATEMENT WOULD, BE INSIDE THE LOOP. ■■ 


3,3,«.5, VARY ! VARIABLEbMIN, MAX, delta 

THIS COMMAND GENERATES A FORTRAN 
DO-LOOP WHICH HAS WITHIN ITS RANGE ANY 
. VARY OR SET STATEMENTS WHICH FOLLOW IT IN THE 
SYSTID . DECK, AS WELL AS , THE SIMULATION AND 
POST-PROCESSING CALLS, IF THE 'VARIABLE' NAME 
IS TYPE INTEGER (FIRST LETTER IS I THRU N OR 
. Z), THE PARAMETERS ARE EXPECTED TO - Be , OF 

INTEGER TYPE, OTHERWISE, THE VARIABLE NAME 
AND PARAMETERS CAN BE REAL OR INTEGER. 


3,«, TOPOLOGY STATEMENTS 

THERE ARE TWO KINDS OF TOPOLOGY STATEMENTS IN' SYSTID, 
I.E., EXPRESSIONS AND MODEL REFERENCES, 
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3.4.1. expressions 

expressions HAVE THE FORMS 

LNF S EXPRESSION I RNF 

WHERE 

CNF IS THE LEFT NODE FJELD 
RNF IS THE RIGHT NODE FIELD 

I REPRESENTS A DELIMITER WHICH- MAY BE ANY 

NON-ALPHANUMERIC 

EXPRESSION IS an EXPRESSION COMPOSED 

OF NODE NAMES* VARIABLES* FUNCTION : 
REFERENCES, OPERATORS* ETC, 

THE EXPRESSION . IS EDITED FOR 8YSTID FUNCTIONS ANo SHORTHAND 
.conventions CSEE' tACCESS TO COMPLEX NODES’ FOR AN EXAMPLE) AND 
THE FOLLOWING FORTRAN LINE IS GENERATED, 

RNF P edited EXPRESSION 

3.4.2. model references 

A MODEL IS .-REFERENCeD IN A MANNER SIMILAR TO. THE METHOD QF 
: DECLARING. A MQDEUi 

INI,,--. INK < MODEL NAME(AR61,,.>ARGN3 > ^ OUT! OUTJ 
WHERE. 
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1N1"INK ARE THE K INPUT NODES CAT LEAST 1) 

MODEL' NAME' IS THE NAME OF THE MODEL 

REFERENCED 

AROl-ARSN ARE THE N MODEL PARAMETERS 
OUTl-DUfJ ARE THE J OUTPUT NODES CAT LEAST 1) 

THE PARENTHESIS AND COMMAS IN THE MODEL NAME. ARGUEMENT LIST 
ARE REQUIRED. THE OTHER DELIMITERS MAT BE ANY NON-AlPHANUMERIC' 
CHARACTER. HOWEVER, TO AVOID CONFUSION THEY SHOULD NOT BE A , i C I OR 
•j*. to AVOID AMBIGUITY IN THE CASE WHERE THE MODEL NAME IS LESS 
THAN SEVEN CHARCTERS AND THERE ARE NO ARGUMENTS TO THE MODEL. THE 
following form, MAY BE' USEDi 

• ;.«>NAME C)..i...« 

IXAMPLEI ' A MODEL TO ADD . POUR NODES TOGETHER. ANo MULTIPLY 
THE RESULT BY A CONSTANT! 

MODEL * INt,IN2,IN3,lN« * ADDRCARCj ,* RESULT 
INI < $ + IN2 + IN3 + INA > TEMP 
TEMP < TEMP * ARG>, RESULT 
END 

A TYPICAL REFERENCE FROM ANOTHER MODEL OR SYSTEM MIGHT BEl 
N0DE1">N0DE2-N0DE3-N0DEA < ADD«C2.7l8j > NODElO 
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3,a,3. ACCESSING NODES IN EXPRESSIONS 

SVSTiD TOPOUOOY STATEMENTS USE' THE COMPLEX VaUUE OF A 
COMPLEX NODE, AND ACCEPT THE FUNCTIONS REAL AND AIMA(3. 
ALSO/ the topology STATEMENTS ACCEPT THE FOLLOWING SHORTHAND 
NOTATION* 

ANODE s> REAL(NODE) 

SNODE s> AIMAGCNOOE) 

SSNODE B> ANODE B> REAL(NODE), 

S B> VALUE OF THE FIRST INPUT NODE 

FOR EXAMPLE! 

COMPLEX * X,Y,R,S 
X < $ + AR + SS > Y 

will GENERATE! YaX + REALCR) + AIMAS(S) 

3.S, intermixing fortran statements ■ 

ALL SYSTIO statements ARE EITHER COMMANDS, TOPOLOGY STA- 
TEMNTS, or THE END CARD, ALL COMMANDS (POST, DEFAULT, ETC) MUST 
APPEAR at the beginning OF THE MODEL COR SYSTEM) AnD 
ALL topology STATEMENTS FOLLOW THE COMMANDS, EXECUTABUr FORTRAN 
statements and LABELLED FORMAT STATEMENTS MAY. BE INTERMIXED WITH 
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8Y8TI0 TqPQUOSY STATEMENTS, NON-EXECUTABUE FORTRAN STATEMENTS 
NITH the exception OF . THE FORMAT STATEMENT MAY BE INTERMIXED 
WITH THE 8Y3TID COMMANDS, 

3.5,1. EXECUTABLE FORTRAN AND FORMAT STATEMENTS 

executable fortran STATEMENTS MAY BE INTERMIXED WITH SYSTitO 
TOPOLOGY STATEMENTS IN ANY OP THREE WAYSl 

FO.RMI m> 

FORTRAN ,,,, FORTRAN STATEMENT,,, 

IXAMPLEI ■■ FORTRAN W. XX R NODE! 

FORTRAN * WRITE{fe..300)TIME.XX.; 

FDRM2 (SHORTHANDS s> ' ' 

ATRAN .FORTRAN STATEMENT 
EXAMPLE! ATRAN ,, IFCTIME.ST.l.) NODESsO 

NOTE! there cannot BE ANY BLANKS BETWEEN THE »A' AND THE 'T' IN 4TRAN.’ 

FORMS (LABELLED STATEMENT) => 

LABEL ., .‘.‘fortran STATEMENT,,. 

EXAMPLE! . 300 FORMATS t,2Fie,S) 

NOTE! there CANNOT BE ANY IMBEDDED BLANKS IN THE LABEL.’ 

A BLANK MUST FOLLOW THE LABEL, 
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3.5.2. non-executable FORTRAN (EXCEPT FORMAT) 

NON*»EXECUTABLE FORTRAN STATEMENTS MAY BE INTERMIXED WITH THE 
SYSTID COMMANDS# WITH THE EXCEPTION OF FORMAT AND iMfUlCiT 
statements, for EXAMPLE! ‘ 

SYSTEM A USE FORTRAN 

DEFAULT * TSTQPb1,.DT»,0J 

DIMENSION TABLE(5)/1,#2,#6.#2«.#120,’/' 

PRINT * Nl,N2 


3.5.3. variable, names AND TYPE CONVENTIONS , 

VARIABLES MAY BE OF ANY TYPE DEPENDING ON THE FIRST LETTER 
PF- THEIR, name and ANY FORTRAN TYPE STATEMENTS WHICH ThE USeR MaY 


WISH To 

INCLUDE. 

THE 

FORTRAN 

IMPLICIT. statement 

IS 

ILLEGAL IN 

SYSTIO, 

ALTHOUGH 

SPECIFIC 

TYPE STATEMENTS 

may 

BE 

USED (E.G, 

INTEGER.ETC). 

IF FORTRAN 

TYPE statements 

are 

Not 


USED,# THE FOLLOWING RULES APPLY! 

A-H#0-V#X#Y ARE REAL 
‘ 1»N,#Z ARE INTEGER 
W IS complex 
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THE USER SHOUI.D BE CAUTIOUS IN USING VARIABLES WHICH BEGIN 
WITH the LETTERS V,W, AND Z AS A CONFLICT WITH INTERNAL 
variables may result, -THE USER IS ALSO CAUTIONED To CHECK ThE 
TYPES OF VARIABLES USED AS ARGUMENTS PASSED TO MODELS OR IN MODEL 
DEFINITIONS, . : 


IF A 

NODE 

NAME 

IS 

TYPED 

COMPLEX, 

ANY fortran 

STATEMENT 

REFERENCING 

■ THE 

' NODE 

WIUU 

USE 

THE COMPLEX VALUE. THE FORTRAN 

INTRINSIC 

FUNCTIONS 

REAL 

AND 

AXMAGi 

MUST BE 

USED -TO 


.reference the REAL OR IMAGINARY PARTS, 

S'.S, ■ HRITtING FORTRAN .POST-PROCESSING SUBROUTINES 


S.R.l. interfacing WITH 8YSTID 

LINKAGE TO ANY USER POST-PROCESSING ROUTINE IS AVAILABLE 
■THRU USE OF THE 8YSTI0 COMMAND 'POST'. 'WHEN A REFERENCE TO 
POST IS MADE IN ANY SYSTEM DESCRIPTION, A SUBROUTINE CALL. 18 MADE 
TO THE USER'S PROGRAM FOR EVERY SPECIFIED VARIABLE IN ThE FQrMi 

CALL NAMEaABEL,NPAGE) ' . 

WHERE 

LABEL' IS THE HOLLERITH NAME OP . THE 
■VARIABLE. 
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, NPAGE CONVEYS THE OUTPUT SIZING^ I.E.f 
NPAGECI4 IS 8.5 X U COMPATIBLE OUTPUT^ NPaSE»7 
IS STANDARD COMPUTER SIZE OUTPUT, 

POR example, the 8YSTID STATEMENT? 

POST - SPECTM - NQDEl " OUTPUT 

WOULD GENERATE THE FOLLOWING TWO LINES IN THE MAIN 

SIMULATION PROGRAMI 

CALL SPECTMC»NODEl»,7) 

CALL SPECTM(*OUTPUT*#7) 

THE FIRST line OF THE USER WRITTEN SUBROUTINE 

SPECTM WOULD GENERALLY BE AS FOLLOWS? 

subroutine SPECTMCLAB£L,NPAGEi 

TWO INPUT PARAMETERS ARE REQUIRED^ EVEN IF THE 

USER IS NOT CONCERNED WITH OUTPUT SIZING, 

WHENEVER A POST STATEMENT APPEARS IN A SYSTiO 
PROGRAM,- MAIN/8YSTID CONTAINS. THE FOLLOWING 
COMMON BLOCK (ALL VARIABLES. WHICH BEGIN WITH Z' ARE 
INTEGERS)? 

COMMON /DRMHED/ ZDATEO), ZTODCEJ, TSjART, 
TSTOP, VEQDt, SETTLE? ZU3ED# GUAL> ZNaMES, 
ZN,AMEC<ZNAMES>) 

WHERE 

ZD'ATE o BCD OF DATE, LEFT JUSTIFIED, BLANK 
FILLED 

ZTOD 5 BCD OF TIME OF DAY, LEFT JUSTIFIED, 

BLANK FILLED 

TSTOP 19 STOP TIME OF SIMULATION 
TSTART ? START TIME OF SIMULATION 
VEQDT a DT (WHICH APPEARS IN /COGENT/) 
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SETTLE = SETTLE TIME OF SIMULATION ' 

ZUSEO «! NUMBER OF VALUES FOR EACH VARIABLE 
STORED ON TEMPORARY FILE (IN SOME 
ROUTINES NAMED NVAL3 

DUAL = I/O OUALIFIER (SEE SAVE STATEMENT^ 

ZNAMES a NUMBER OF DIFFERENT VARIABLES STORED 
ON FILES, 

ZNAMEClj, Ial,<ZNAMES> = NAMES OF ' VARIABLES 
STORED ON FILES, 

INCLUSION OF THIS COMMON BLOCK IN A POST-PROCESSING ROUTINE 
ALLOWS the user ACCESS TO SEVERAL IMPORTANT VARIABLES, PARTICULAR- 
LY NVAL (ZUSED) THE NUMBER OP VALUES AVAILABLE FOR ANY 
particular VARIABLE STORED ON FILE, 

3,6.2, I/O (RETRIEVAL OF TIME HISTORIES) 

ALL RETRIEVAL OF INFORMATION STORED ON I/O FILES SHOULD BE 
ACCOMPLISHED WITH THE ' TWO' SUBROUTINES ORmSET AND 
DRMEDT, 

DRMOeTI CALLING SEOUENCEi 

CALL DRMGET(NAME, ARRAY, LENSTH.MSKIP) 

WHERE 

NAME' CONTAINS NAME OF VARIABLE REFERENCED (BCD) 

ARRAY IS .ARRAY INTO WHICH VALUES ARE TO BE READ 
(DIMENSIONED AT LEAST BY LENGTH) 

LENGTH IS NUMBER. OF VALUES TO BE READ 

M8KIP IS NUMBER OF WORDS TO SKIP BEFORE READING 

. CONTINUING THE. EXAMPLE,' THE FOLLOWING LINES OF 
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CODE RETRIEVE AU,L VALUES STORED ON FILE FOR A 

PARTICULAR variable# 1000 VALUES AT A TIME . 

/ 

EXAMPUE.il 

subroutine SPECTM CUASELfNPAGE) , 

COMMON /DRMHEO/ DUMMY (8 ) , ' NVAt 
DIMENSION ARRAYCIOOO) 

t ■ 

DO 100 M8KIP a 0,NVAL#iOOO 

CAtU DRMGETCLABEtf ARRAY#tOOO#MSKIPj 

f 

t ' . . ' 

* ANALYSIS' OP THE 1000 VALUES DP THE 
VARIABLE NAMED IN LABEL. 

• 

100 CONTINUE 

DRMEdTI CALLING SEOUENCEt 

' CALL .DRMEDT(NAME#NRES»ARRAY3 
' WHERE^ 

, NAME: CONTAINS THE NAME OF THE VARIABLE 
, REFERENCED (BCD).. 

NREQ EQUALS THE NUMBER OF VARIABLES TO 8E 
READ OFF FILE, 

ARRAY IS ARRAY INTO WHICH VARIABLES ARE 
PLACED (DIMENSIONED AT LEAST BY NRI03.. 

..let nval^ be the ninth word qe common block 

/DRMHED/, , NVAL^ EQUALS THE NUMBER OF VALUES 
■ STORED ON file FOR EACH VARIABLE.' IF 
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NREQ>bMVAL? 

THEN 

NVAL 

WORDS 

(ALL that 

are’ on the 

FILE) 

HILL BE 

READ 

INTO ARRAYj IF 

NREQ<NVAL> 

THE 

DATA ON 

FILE 

IS EDITED and 


NREQ EQUALLY SPACED VALUES ARE READ INTO 

ARRAY* 

EXAMPLE 2 I 

SUBROUTINE SPECTM <L ABEL? NPAGE i 
DIMENSION' ARRAY CIOOO) 

CAtU DRMEDT (l,ABEl.* 1000, ARRAYS 

ARRAY NOW CONTAINS 1000 E8UAUY 
SPACED values op THE VARI ABLE . NAMED IN 

LABEL. 

VALUES OP TIME ARE , NOT STORED ON PILE. BUT ARE 
COMPUTED BY DRMGET AND DRMEDT WHEN NEEDED. SAVING I/O 
TIME. ' ■ ' 

IN EXAMPLE 1, ASSUME THE ARRAY TIME IS DIMENSiDNEO 
BY 1000, THEN THE: STATEMENT* 

CALL DRMOETCTlME'.TIME.lOOO.MSKIPj 
PLACED INSIDE THE OO-LOOP WILL COMPUTE. THE 1000 VALUES 

OF TIME Corresponding to the values in array. 

SIMILARLY. IN EXAMPLE 2. THE STATEMENT* 

CALL ORMEDTCTIME', 1000. TIME) 

WOULD PRODUCE 1000 VALUES OF TIME IN THE ARRAY TIME S.UCH 
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THAT ARRAVCI) was. THE VALUE OR, THE VARIABLE NAMEP IN 
LABEL AT TIME TIME! I). 

IN THE ABOVE EXAMPLES, VALUES ARE RETRIEVED FROM 
STORAGE files IN BLOCKS OF 1000, I/O TIME CAN BE REOUCBD 
IF THE BLOCKSIZE IS CHOSEN TO BE: AN INTEGER , NUMBER OF 
SECTORS CA MULTIPLE OF 20). 

3,6,3, CORE MANAGEMENT 

normally, LARGE ARRAYS USED IN POST-PROCESSING ROU- 
TINES, WOULD BE RESIDENT IN CORE DURING .THE ENTIRE SIMULA- . 
TIDN, INCREASING CORE CHARGES. THIS WOULD BE THE CASE IN 
THE , ABOVE EXAMPLES, THIS, CAN BE AVOIDED, HOWEVER, If tHE • 

ARRATS are placed in THE /V8PACE/ COMMON BLOCK. AND THE 
DYNAMIC CORE ALLOCATION SUBROUTINE IS- USED, 

EXAMPLE! 

COMMON /VSPACE/ ARRAYO, ARRAYC2) 
tAlC CORE (lOOOi 

' WILU expand CORE' TO provide 1000 WORDS POR ARRAY. 
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program description 


SYSTIO IS A SYSTEM OF COMPUTER ROUTINES WHICH PROVIDES THE 
analyst with a powerful TOOL FOR THE TRANSIENT SIMULATION AND 

ANALVSIS OF COMPLEX SYSTEMS. 8YSTID WAS INITIALLY DEVELOPED FoR 
the SIMULATION OF COMMUNICATIONS SYSTEMS., ALTHOUCH OTHER 
CONTINUOUS SYSTEMS HAVE BEEN SIMULATED. A LIBRARY OF MODELS FOR 

POWER SYSTEMS HAS RECENTLY BEEN DEVELOPED FOR APPLICATION TO TrE 
SPACE SHIJTTLE POWER SYSTEM. 


SYSTID accepts as input a topological 'BLACK-BOX' descrip. 
TION of a .system, automatically generates the appropriate 
algorithms, and then proceeds to execute the simulation program, 
thus, the user is not necessarily reguired to write the algorithms 
IN A computer language nor possess a great facility in computer 
programming. the system description, including both topology and 
element information, is supplied to the program in a free-form, 
USER controlled ENGINEERING LANGUAGE WHICH IS EASILY LEARNED 


SYSTIO OFFERS THE USER ENORMOUS FLEXIBILITY IN THE REPRESEn- 
TATION of system elements, I.E., .BLACK BOXES'. AN ELEMENT MAY BE 


DEFINED Asi 

, ■ '(1) A 8YSTID tlBRARV MODEU 

C2) A USER WRITTEN# TEMPORARY SYSTID MODEL 
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PROBllM SUBMISSION 

SVSTiDr WHICH OPiRATES IN THE EXEC8 TIMESHARING/B.ATCH 
ENVIRDNEMeNT may be executed by three different PROCESSES! 

Cl) BY SUBMISSION OF A DATA DECK TO THE CLOSED SHOP 

Ca> STARTINS A JOB FROM A REMOTE DEMAND TERMINAL 
VIA THE 08TART filename CONTROL CARD ' 

(3) DIRECT EXECUTION FROM A REMOTE DEMAND TERMINAL 

IN ANY EVENTS THE EXECytlVE .CONTROL LANGUAGE IS BASICALLY 
THE same. extensive U3E OF THE EXECS »A0D AND «SETr CONTROL 
CARDS PROVIDE THE USER WITH THE ABILITY TO CQNFISURE ANY, SVSTiD 
RUN FOR The FOL.LOWINGr , ■ . ■ . 

Ct) USE OF AN alternate LIBRARY DIRECTORY (IN 
■ TPPS) 

C2) PHASE I ONLY 

(33 INHIBIT FORTRAN PROGRAM LISTING IF IN ERROR 
MODE 

'W PHASE II ONLY 

IN ADDITION TO THE ABOVE DIRECT CONTROLS* SVSfl.O WILL 
AUTOHATICaLLY^ INHIBIT PHASE tt EXECUTION IP DATA INPUT ERRORS 
HAVE been DETECTED* IN WHICH CASE THE FORTRAN ROUTINES AS WRITTEN 
BY phase X WILL BE LISTED (UNLESS INHIBITED BY ONE Qf THE FSETC 
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OPTIONS), THE FIRST EXAMPLE LISTS THE STANDARD SVSTlO RUN 
STREAM With all the options, .prior TO THE PPIN card, TPFS 

CONTAINS THE COLLECTED SIMULATION PROGRAM NAMED SjtMULATiV IN 
ADDITION TO THE 8V8TID GENERATED FORTRAN MODELS IN BOTH SOURCE 
AND RELOCATABLE FORM, 

ALL OF THE FOLLOWING EXAMPLES ARE SET UP FOR BATCH OR 
»8TART COMMAND EXECUTION.' IF A RUN IS TO BE EXECUTED DIRECTlV 
FROM demand, the ado ELEMENT SY8TI0»ABe.RUNIT MUST BE REPLACED 
BY BYSTIO-ABB, DEMAND AND THE PNORMALl CARD IS NOT REOUlRED. IF 
ANY PHASE II DATA IS REQUIRED BY THE PROGRAM (SUCH As A SSYsTlD 
NAMELIST)', THE, LAST TWO LINES OF ELEMENT DEMAND MUST BE DELETED 
BEFORE ,rT IS 'U.8E0,, 
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example with all options 

Card note 

®RUN . ; . .1 

•SETC 1/S3 2 ♦ 

^SETC 1/Sa 3 * 

PSETC 2 /sa a 

9SETC 3/Sa 5 * 

®AOOfP SYST1O-A0S.SYSTIO k 

• ■ - 7 

• . 9 

. 9 

. <PHASE I DATA> 10 

i 11 

12 

• 13 

e»ADO#P SYSTID^'ABS.RUNIT 14 

SSYSTID * , IS 

• 1 6 •■■ ■ 

. • ; ■ 17 

• 18 ' 

< PHASE n DATA >■ 19 * 

. ■ 20 

• 21 

t 22 

PNORMALI 23 

. 24 

• , 25 

26 

< OPTIONAL FILE MANIPULATIONS > 27 

b 28 

29 

. 30 

9pIN 31 


♦ REQUIRES A DIRECTORY IN TPF$ 

1* THESE TWO CARDS ARE MUTUALLY EXCLUSIVE 
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NOTES FOR example 1 


1 standard EXEC0 RUN CARD 

2 Indicates an alternate directory is beino used (in tpp*) 

, 3 Phase i only is to be executed (creates a simulation 

Program but does not execute it, see line s) 

« Eliminates fortran listing if errors are encountered 

s Phase n only is to be executed (execute the program 
Senerated by a previous run) 

6 Ados a procedure (systiD) to compile systid language 
Statements 

7-13 Phase i input, i.e., systid language statements defining 
Models and/or a system 

u Adds a procedure (RUnit) to compile, map,' ano/or execute 
The simulation'prograh ' . 

is-22 Namelist data (required if a systid data statement was' 
Used), followed by any data which may be read In. by .models 

23 Optional, insures runit procedure terminates normally. 

24-30 Optional operations to save systid generated programs 
And/or files 

31 STANDARD EXECS END-OF-JOB CARD 
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typical example with no OPTIONSi . 

Card note 

•'■*»■** ■ 

•RUN ... 1 

•ADOfP SYSTID-ABS.SYSTIO 2 

3' ■■■ 

. • - , .a ■ 

- . -5 

■< PHASE I DATA > 6 

. . • 0 • • 

. -'9- 

«ADD»P SYSTID-^ABS.RUNIT 10 

■ . ■ ■ ■ 11 

r 12 

13 

< PHASE IT DATA > 19 

. IS'.- ■ ■ . ■ 

t ■ 16 . ' . 

• ■ .'IT-- 

•NORMALj ■ 10 . 

•FiN' 
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EXAMPLE WITH ALTERNATE LIBRARY DIRECTORY! 

Card note 


•run , , , 

t 

©SETC 1/S3 

a 

•COPY#S EXAMPLE, DIRECTORY 

3 

•AOD#R SYSTID*ABS.SY5TID 

4 

• 

5 

• 

h 

t 

7 

< PHASE I DATA > 

6 

■ 

9 

'« 

10 

t 

11 

PADDfP SYSTID-ABS.RUNIT 

12 


13 


14 

• 

IS 

< PHASE .11 data > 

16 


17 


18 

t 

19 

•NORMAL! 

• 20 

•PIN-. 

■ SI 


NOTES FOR example 3 


2 Indicates an alternate directory is to be- used 

3 In . THIS case, the. ALTERNATE DIRECTORY , IS 

Directory in file example- 




element 
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EXAMPLE WITH PHASE I ONLY* 

CARD NOTE 

•RUN . ... I 

•SETC 1/S4 2 . 

ffAOD^P SYSTID**ABS,SY3TID 3 

■4 ■ 

5 

. 6 

. < PHASE I DATA > ’, 7 

. 8 

. 9 

10 

«ADDrP SYSTIO«-ABS,RUNIT 11 , , 

•NORMAUi 12 r 

•FIN 13 


NOTES FOR EXAMPUE 4 


g INDICATES PHASE: I ONUY . ' 

FILE MANIPULATION STATEMENTS COULD BE PLACED ‘ BETWEEN LINES 
U AND IE , TO SAVE THE OUTPUT FROM THE FIRST PHASE.” 
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example with phase II ONLVs 

Card note 

' ®RUN ’. . ■ V' . 

^SETC 5/Sa 2 

«COPY# A EXAMPLE. SIMULATE 3 

©ADbrP SYSTID-ABS.RUNIT 4 

. S 

• 6 

■ . ■ 1 ■ 

< PHASE II DATA > 8 

. 9 

10 - 

. 11 

•NQRMALl 12 

,»P1N 1 % 

NOTES FOR example 5 

2 PHASE II only (EXECUTE SAVED SIMULATION) 

3 In THIS, CASEf THE ABSOLUTE ELEMENT GENERATED BY A PREVIOUS 

Phase, I 18 named simulate: and it is. stored in file 

EXAMPLE: 
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THE DETAILED EXECUTIVE CONTROL CARD SEOUENCE REPRESENTED BY 
THE Elements 8YSno«AB8,SYSTIO> systio-abs.runit? and 

8VSTID«ABS, DEMAND ARE GIVEN BELOW FOR REFERENCE, 


SY8TI0«ABS.SY3TID 


1 SASGfT ELTFIL 

2 PUSE RfELTFIL 

3 »ASG,T 3.,D/3000//5000 

a ^TEST TE/1/S3 , USER DIRECTORY (IF TRUE) IN TPpS 

S »CpPYfS SYSTIO-ABS. DIRECTORY , BRING IN FIRST PHaSE 

S 8XQT systid-abs.systid 

7 9AOD.P DIRECTORY . LOAD YOUR DATA NOW : 


8Y8TXD«<.ABS.DEMAND 


1 9FREE 3, 

2 9C0PY#3 SYSTID-ABS.PROCS/SYSTID - 

5 9ADD ELTFIL. 

A 9ELT#I GOSIM 

5 IN MAIN/SYSTID 

6 LIB TPF$.fSYSTlD"RLI0. 

7 LIB SYSTID-CLIBS. 

6 IN VSPACE 

9 9MAP GOSIMf TPFS.CQB 

10 9FREE OUTPUT, 

11 9ASG|T OUTPUT, 

12 9BRKPT PRINTS/OUTPUT 

13 9TPF$,C0B 

U 9BRKPT PRINTS 

15 9MSG#N OUTPUT IS IN FILE OUTPUT, 
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8Y8TID»ABS.RUNXT 


1 8FREE 3 

2 fTEST TNE/3/S« 

3 8JUMP GOl 

4 8TEST TNE/2/T3 , SKIP IF ERROR IN PASSi 

5 SJUMP ERRORS 

fe PCQPY^S SYSTID-'ABS.PROCS/SYSTIO 

7 PADD ELTFIU. . HERE COME THE FORTRAN. J.. 

8 PTE8T TNE/l/34 

9 PJUMP NORMAL 

to PMS6,N CONTINUE INTO PASS 2 

U ’ PGOU 

12 PTEST TNE/3/S4 

13 PJUMP G02 

14 PMAP^I GOSIMf SIMULATE 

15 IN MAIN/SY8TI0 

16 LIB TPF$.#8YSTID«RLIB. , 

17 LIB SYSTIO*CLIB$, 

18 lib tSD*RPLOt, 

19 PJUMP Q02 . 

20 PERRORSI 

21 PMSG^N ERRORS IN PROCESSING YOUR INPUT DATA 

22 PTEST TE/0/S4 

23 PJUMP NORMAL ■ 

24 POATA.L ELTFIt, 

25 PEND 

26 PJUMP NORMAL 

27 . PGQ2I 

28 PXQT SIMULATE ' . 
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S, BASIC & POWER SYSTEM 8VSTID LIBRARIES 


5,1. THE BASIC 8YSTID LIBRARY 


THE FOLLOWIN6 IS A BRIEF SUMMARY OF THE MODELS AVAILABLE IN 
■THE BASIC 8Y8TI0 LIBRARY, FOR A MORE COMPLETE LIST, SEE SECTION 
2.5, FOR A COMPLETE DESCRIPTION OF EACH MODEL, ANo HOW IT IS 
USED, 8E| •advanced COMMUNICATION SYSTEM TIME DOMAIN MODELING 
techniques, ’ ASY8TD SOFTWARE DESCRIPTION, VOLUME!, PROGRAM USERS: 
GUIDE' " APPENDIX B. tR7a-001, CONTRACT NA89-MT».3, AUGUST 19725., 


signal GENERATORS 

IP * ff P V «RRR 9 «* 


GAUSSIAN NOiSe 

PULSE. GENERATOR 

SQUARE WAVE GENERATOR 

TABLE GENERA.TORS 

PERIODIC TABLE GENERATORS 

TRANSCENDENTAL PUNCTIQN GENERATORS 


MODULATORS 

p «• p • • •• p p 

. . AMPLITUDE MODULATORS 

• FREQUENCY MODULATORS (SINE WAVEi 

-t FREQUENCY MODULATOR (SQUARE WAVE) 

• PHASE MODULATORS (SINE WAVE) 

f PHASE MODULATOR (SQUARE WAVE) 

t DELTA MODULATOR 
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demodulators 

IP p> « « IB IR 9 IB IK « « 

. AMPLITUDE DEMODULATORS 

. PHASE DEMODULATORS 

. PRESUENCT DEMODULATORS 

. PRESUENCY DEMODULATOR WITH FEEDBACK 


filters 

. GENERAL FILTER MODEL 

• BUTTERWQRTH 

• CHEBYCHEV 

f BESSEL 

• , BUTTERWORTN'-THQMPSON 

• ELLIPTIC 

lead lag function 
t lead function 

f MATCHED FILTER 


LIMITERS : 

• SOFT LIMITERS 

• HARD LIMITERS 

. RF’ SOFT LIMITER 

• RFi HARD LIMITER 


TRANSFORMS 

■M»9*<PRP9'IP««> . . . • 

• FOURIER transform (FfT AND INVERSE) 

t HAAR TRANSFORM (AND' INVERSE) 

HAD.AMARD TRANSFORM (AND INVERSE) 


CODERS 

' 


"■ W P — HT* 
• 

ANALOG" 

TO-DIGITAL 

t . ■ • 

DIGITAL 

"TD-ANAL06 


. SAMPLE, HOLD 0IGITAL-T0-ANALQ6 

• multi-level PCM 

. interleaver 

• oe-interleaver 
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MATH 

• OIFFERENTJATQR 

. INTEGRAL WITH INITIAL CONDITIONS 

. INTEGRATOR 


miscellaneous 

w p w » dr ^ w • 

t TIME delay 

. PHASE SHIFTER 

• SIGNAL SPLIT 

, TIME latch 

■ ZERO CROSSING DETECTOR 
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5 , 3 ,. THE POWER 8YSTEM LIBRARY 


THE FOLLOWIN-G IS A BRIEF SUMMARY OF THE POWER SYSTEM MODELS 
GENERATED UNDER THIS CONTRACT. VOLUME I CONTAINS THE, COMPLETE 
DESCRIPTION OF EACH MODEL AND ITS USE, 


power control elements 

, , REMOTE POWER CONTRQUUER . 

. REMOTE CIRCUIT BREAKER 

• REMOTE SOFTWARE’ *8WITCH» ' 

. SEQUENCE OF EVENTS OINERATOR 8. LOAD CONTROLLER 
. FUSE 

• DIODE 


power sources 

• 19 « • « ■« IP • « fp « 

FUEL CELL 

• POWER conditioning (INVERTER) 


loads 

LOAD DATA BASE GENERATION 


distribution 


CABLE 



6.0 EXAMPLES 
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6. EXAMPLES 


three EXAMPLES ARE PRESENTED IN THIS SECTION, .NAMELY • 


1 8Y8TID; SIMULATION OF AN APOLLO PCM/PM/PM COMMUNI- 
CATIONS LINK WH05IE CHARACTERISTICS ARE GIVEN IN THE 

Following, DIAGRAM. 

2 SYSTID' squaring. LOOP MODEL ALSO DEFINED IN THE 
DIAGRAM... 

3 8Y8TI0 SIMULATION OF FILTER RESPONSE. THIS 

Example illustrates the define, ' vary, and set 
Commands, - . 


ALL- OF TH.E PLOTTED OUTPUT PRESENTED .IN THIS SECTION HAS SEEN - 
EDITED SLICHTLY TO FIT THE . REQUIREMENTS OF THE DOCUM.ENT PROCESSOR; 




Figure 6-1. Apollo PCM/PM/PM I^ink Block Diagrani 
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6,1, PCM/PM/PM LINK 

THE FIRST EXAMPLE CONSISTS OF A TEMPORARY DEFINITION OF MODEL 
NRZ AND A SYSTEM WHICH DEMONSTRATES THE USE OF SEVERAL' LIBRARY- 
models, ALONG WITH SOME MATH EXPRESSIONS. IT IS FOLLOWED BY THE 
PHASE I SYSTID OUTPUT, THE GENERATED FORTRAN PROGRAM, AND. SOME 
OF THE generated RESULTS. 

A few remarks' concerning this SIMULATION ARE IN ORDER. 

NOTICE That following the square wave phase modulator is an rf 
PHASE modulator,. AT THIS POINT, WE ARE REPRESENTING THE RF 
PORTION OF THE LINK AT BASEBAND. THIS . PROCESS IS ACTUaLLV IMPLE- 
MENTEO ■ 8y ASSUMING THAT THE INPUT SIGNALS ' ARE ' ANALYTIC , THIS, 
CONOlTidN IS MET 'IF THE BASEBAND SIGNAL SPECTRUM IS ESSENTIALLY 
ZERO. AT The CARRIER FREQUENCY, IF THIS APPROXIMATION IS NOT TRUE, 
A ripple in the SIMULATION OUTPUT AT FREQUENCIES OF APPROXIMATELY 
TWICE, THE CARRIER IS INTRODUCED — THE CASE IF THE INPUT. IS A STEP 
■FUNCTION, FOR INSTANCE. IN ' ANY EVENT , THE , RIPPLE 18 ; NORMALLY 
NEGLIGIBLE DUE TO THE, LARGE RATIO, BETWEEN THE . BASEBAND AND 

carrier. 
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NRZ MODELA I I I 


SySTID PROCESSOR LEVEL HI 

VERSION Dated a juuy 74i for the msc uiiob/iuo system 
THIS DECK processed ON 1180717a AT 19846836 


SYSTID models REFERENCED ENTRY POINT 

' SQ SQ 


THIS model ASSIGNED THE ENTRY POINT NAME MOPELA 


000001 

000002 

000003 

000004 


MODEL I INPUT*NRZ(BR)--OUTPgT 
INPUT < ssesR/a,) > ni 
N1 < > OUTPUT 

END 


6*4 

oooooooonooo 



6"5 
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APOUtO PCM/PM/PM link (EXAMPLE 1) 


SYSTID PROCESSOR LEVEL III 

VERSION Dated a July 7a for the msc unos/iiio systen 
THIS deck processed ON tljOTlTa AT 19USI37 


SYSTID MODELS REFERENCED ENTRY POINT 


NRZ 

sspmod 

rfphasemooulator 

rflimiter 

butterworth 

rffhasedemodulator 

LOOPFILTER 

EMMOOULATOR 


MODELA 

8QPHDD 

RPMMOD 

RFLIMT 

BUTWTH 

RFPPEM 

LEDLAG 

FMMOD 


OOOOOl SYSTEM . APOLLO PCM/PM/PM LINK (EXAMPLE 1) 

000002 PAGE, SMALL 

000003 DEFAUU. TSTARTbO, tTSiTOPs. 03, DTs t ,'5E-6, NPRlNTa2oO 

000008 PRINT, NUN13, OUTPUT 

000005 PPL0T,N1,N13, OUTPUT 

000006 COMPLEX, N3,Na,NS 

000007 INPUT < NRZnaS,) > N1 

000008 N1 < SQPMQ0(PI,32.768E3)> N2 

000009 N2<RF PHASE MODULATOR (1,03 > N3 / 

000010 NS < RF LIMITER > N8 

OOOOIT *• warning ** AN IN/OUT NODE TO THIS MODEL MAY Be QF ■ THE WRON 
OOOOll N8 < BUTTERWORTH (5, 3 , 1 0 . E6, 68, E3 , 1 0 . E6 , I , ) > NS 

000012 N5 < RF PHASE DEMODULATOR (1,0) > N6 

000013 N6 < BUTTERWORTH (5, 3, 32.768E3, 388, , 0 1 . ) > N7 

000018 NT < S*S > N8 

000015 , N6 < $*N12 > N9 

008016 N9 < LOOP FILTER (200, ,1.8775998, 0,*. 19731719,0.1 > Nl'ft 

000017 NIO < FM MODULATOR (2.wPI,32.766E3) > Nil 

000018 Nil < S*S»0.5 > N12 

000019 Nil < S*N7 > N13 

000020 N13 < BUTTERWORTH (2, 1,0. ,128., 0,,1.') > OUTPUT 

000021 END 


- 31 .’ 
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REUTfl MOOELA/SYSTID 

subroutine MODELA(BR) 

C NRZ . 

include MODEL! f list 
define INPUTbV(ZIN) 
define OUTPUTbV(ZOUT) 
define NlBV(Z+lj 
Z'INbZZIN ■ , ■ ' 

ZOUtbZZOUT 

ZsZz 

ZZsz+1 

C SQ ' 

ZZlNaZIN 
ZZOuTsZ+1 
CALL SQ(BB/2,) 

. 0UTpUTsNl*,S+,5 
RETURN 

END , ■ , 

•FOR,S MOoELA/SVSTID,MODELA/SYSTIO 

FELT»I MAIN/3Y8TID ‘ ■ 

INCLUDE MAIN!, LIST 

data TITLE/I AfOLLO PCM/PM/PM. link (EXAMPLE 1) 

define N38WC1J 

DEFINE NAoWCaj 

define N8bW(3) 

define, INPUTsVCri 

define NIpVCB) 

define N2»V(9) 

define Nfeoveioi 

define NTaVan 

define NSaVClSi 

define N9sVC13j 

define NlOsV(lA) 

define NllBV(l5j 

define NtEoVdfe) 

define NlSBVdTi 

DEFINE OUTPUTsVCiei 

data T8TART/0,/,TSTOP/,03/,DT/l,5E-6/,NPRINT/g00/ 
parameter ZPSIZEb 9 
dimension VPRINT(S,ZPSIZEj 
VPRlNTddjsl ' 

VPRiNTta,! js'TIME' 

VPRlNTd,2j = ' I , 

VPRlNTC2,2)n'Nl I 
VPRlNTd,3jsf < 

VPRlNTC2,3)atNlSi 
VPRlNTd»93a' • 

VPRlNT(2,4jBiQUTPUT» 

. parameter ZDRMSZa S60 

dimension VDRUMCZDRMSZ, 3) 


INPUT 

Nl 
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fe-7 


common /ORMHED/ZDATE{a),ZTODC2)fT8TARTfTSTOP,V|:qiBT 
,ZUS|D,ZQUAl,,ZNAMeS,ZNAMEC 3) 
data ZNAMES/ 3/ 

ZNAMEt 1)0 *N1 ' 

ZNAMEf 2)P 'N13 t . 

ZNAmE( 3)a (OUTPUT' 

INCLUDE MATN2, LIST 

ZZ = 18 

nrz 

ZZIN=7 

ZZO.UTaB 

call MODELAtiaS.) 

sqpmod 

ZZINSB 

ZZOuTsR 

CALL SQPM0D(PI,32,768e3j 
RFPHASEMQDULATOR 
ZZIN»9 ■ , ' - 

ZZOUTsi 

CALL RPMMQDCI.O) 

RFLIMITER 

ZZiNsi 

ZZ0UT»2 

CALL RPLIMT 

BUTTERWORTH 

ZZlN»2 

ZZ0UTP3 

call BUTWTHtS»3,10,E6,6a.E5,10,E6,l. j 

RFPhASEOEMODULATOR 

ZZINB3 

ZZOuTalO 

call RFPDEMtl.03 . 

■ butterworth 

ZZlN=lO 

ZZOuTall 

CALL 8UTWTH(5,3,32.768E3,38a,,0..J,) 

N8SN7*N7 

NRSN8*N12 

LOQPFILTER 

ZZlNPlS 

zzOuTsia 

call LEDLASC200.a,8T75994,0.», 19751719,0.) 

fmmqoulator 
zziNsia 
ZZQUTel 5 

CAU FMMDD(2.*Pl852.768E3) 

Nl2BNiUNll«0.S 

Nl3aNll*N7 

butterworth 

2ZlN«17 


SETTL-Ei 


TNPUT 

■ Ml 


Ml 

w2- 


W2 


n3 

M4 


Kia 

MS 


m5 


M6' 

wT 


Mlo 


MlO 

,Nl’l 


H\i 
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ZZOUTalS 

CALt BUTWTHt2,l»0.Via8.,0,,lt) 
IFCZTIME.lt. ZSETTU) GO TO 99010' 
include MAIN3,LIST 
VDRuMCZDRUM.UoNJ 
VDRgMCZDRUM.ajsNlS 
VDRUMCZDRUM.SJbOUTPUT 
'ZCQUNTsZCOUNT+1 

. IFCZCOUNT.NE.NPRINT) GO TO 99010 
ZGOUNT90 
ZPRINT=ZPRINT*1 
VPRINTCZPRINT.ObTIME 
VPRjNTCZPRINT.ajsNl 
VPR1NTCZPRINT,3 )bN 13 
VPRlNTtZPRINT.ajsOUtPUT 
IFCZPRINT.NE.63 GO TO 99010 
WRITEC6»99050)VPRINT 

99050 FORmATC 4(6X#A2,A6,it(«X,E12. 63.7)3 
INCLUDE MAINS, LIST 
CALL DRUMITCVORUM.ZDRMSZ) 

CALL PTPLTC'Nlt.aj 
call PTPLTC'NlS'.Oi 
call PTPLTCIOUTPUT',4^ 

99200 continue 
STOP ' 

END • 

PPDR.S MAIN/SYSTIO.MAIN/SYSTID 
PEOF . 


EEPRODUCIBILrrY OP THB 

ORIGINAL PAGE IS POOR 


OUTPUT 



apoulp 


time 

Nl 

N13 

OUTPUT 


time 

Nl 

N,13 

OUTPUT 


time 

Nl. 

N13 

OUTPUT 


time 

Nl 

N13, 

OUTPUT 


time 

Nl. 

Nl3 

OUTPUT 


time 

Nl 

N13 

Output 
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PCM/PM/PM LINK 


*000000 
,sooooo+oo 
■ 000000 
,000000 


.130000-62 

.lOOOOO'fOi 

,169178-01 

,151752-03 


,240000-02 

, 100000+01 

,2066T3W02 

;aS4985-02 


,360000<*02 

. 100000+01 

.144094+00 

,581655-01 


,460000-02 

, 100000+01 

,814962+00 

•158260+00 


,600000-02 

. 100000+01 

,176638+00 

,253616+00 


(EXAMPLE n 


,300000-03 

, 100000+01 

,226510-04 

,155124-07 


,150000-02 

, 100000+01 

,371338-02 

,596404-03 


,270000-02 
■'" ,’100000 + 01 . 
,563126-01 
,156239-01, 


,390000-02 

, 100000+01 

,690174+00 

.797507-01 


.510000-02 

, 100000+01 

••143651+00 

.185356+00 


,630000-02 

, 100000+01 

,295585+00 

,269496+00 


,600000-03 

, 100000+01 

.173319-03 

,167936-05 


,160000-02 

, 100000+01 

,955325-02 

,174566-02 


,300000-02 

, 100000+01 

,416765+00 

,260217-01 


.420000-02 

. 100000+01 

-,870913-01 

.104296+00 


.540000-02 

, 100000+01 

;275379+00 

,210904+00 


,660000-0'2 

, 100000+01 

,693703+00 

,281350+00 


reproducibility op THl 

ORIGINAL PAGE IS POOli^j, 


6-9 


, 900000-03 
, 100000+01 
, 244073-03 
,24313S«04 


,210000«0? 
, 100000+01 
. 146721 + 0/^ 
,416507.02 


, 330000-02 

, 100000+01 

-.2BT346.0i 

,40l682f.0l 


.^4S0000;0g 
, 100000+01 
, 2281 12+00- 
.130856+00 


,570000-02 

. 100000^01 

.786201+00 

,233912;0o 


,'690000-02 
•^lOoOOO + Ol, 
191108+00 
,2.89249 + 00 
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* 

N13 , 


m 1 ] 



1 

i 

1 

* 1 

1 

1 



1 



** 


i 



•' 1 

*** 


** , 


• .i 



•:• 1 



** , 


■i 



1 

** ** 


* ** 


. 1 



1 

* iMbilFArik 


*■■, *** 


1 

* 

6,80»Qi 

« ■ « W ■• «« « 91 

«l(A ..A*** 


** *** 


w at 



1 

it At** It* 


* ** ** 


{ 



1 

* ** '*** 


* * **** 


t 



1 

. ** ***** 


* * *** 


1 



1 

* ** *** 


* * **** 


I'-' 



1 

* . *** 


*** * 


, i. 



1 

** ****** 


** '* *** 


i 



1 

* **• * ** 


* * * * 


1 



1 

* * * *** 

* 

* *** * ** 


! 



1 

** ** *** 

** 

***** ♦** 


, ;t 

* 

2.8b«-01 

•M9» IP ««<■•«» 9* 

* ** ** * 

**** * * 

**** *** *** 





1 

.*** * *** 

***** *** * *.** 


1 



1 

****** 

********* 

* ** *** * ** 


1 

" 


t 

***** *** 

************* * * ** * 


1 



1 

*** * *** 

* * * * * * * 

'■ * ** ** *** 


i 



t 

****** **** 

*** ** *****. ** .*** :* * 


t 



ilr A***A*' 4r jlnlrA** 

* .* * •*** ■* * 


1, 



Ulr H. '****iHk**!il» A * 


i 



1 

.**** * * * 

. -.* ■ ***** 

****'* * . * ^ 


' ^ 


,’20**0l 

1 

** * * ***** *** ** 

***^ *.■****;* '* ■ 


1, 



' ' *** * '**** 

* ** * « 

**** ****** 


, 



1 

********** ** **** 

** ** ** ** 


i ■ 



1 

****** 

■ ** * ** 

****** *** 


1, 



1 

/** 

* ** *** 

****** *' 


j, • 



1 


**** ** 

*** - * ** . 


1 , 



1 


*** *** 

* ** 


. -1 



1 

■ 

.***. * 

' *. ■ 


1 



1 


* ** *** 

* ** 

.. 

\ \ 



1 


** **** 

' '* 


1 ■' 



1 


* * *** 

.;**■_. 



* . 

-S.20»01 

«9 «P « <P «■> M ft «» 


* ** * 

-*'*** 





1 


*** *** 



' 1 



1 


* ***** 

*** ^ 


1 



1 


* ** ** 

** •* 


1 ■ 



1 


**** 



1 



1 



**** 


■i 


■ , 

1 


*** 

■ ** 


■ ■ f. 



i 


. * 

. ** 


■ i 

1 


/ 

X 


*** 

** 




1 

1 

*** 1 

1 * 

1 ^ , 

, 1 


•9,20"01 



«l«a**f*a>* 




b.oooo 


1.600Q-02 3.2000-02 



TIME 

8,0000«-03 


2.4000-02 


OflOotoi 
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APOUO PCM/PM/PM LINK (EXAMPLE 1) 

OUTPUT 
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1 

X 


1 


X 

1 
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.15- 

01 
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A A 
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* 

A 
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1 

* 


* 

* 


A 
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1 
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if 

' * 


AA 


i 




, 1 

■* 


ifie 

*A . 


A 


1 

1 

.65-01 

(■ «f ff PI or «. IM 

'** 


It 

■* 


A 


IP 




t 

* 


it 

* 


A 


■ ■i 




1 

it 



A 


AA 


■i 




1 

- ■ it ' 


* 

A 


A 


1- 




1 

A 


* 

A 


A 


1 




1 

at 


A. 

A- 


A' 


i . 




1 



A ■ 
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■' A 


.. 1 




1 

■* 



■ A . 


A 


■ 1 . 




1 

** 


*■ 

A 


■ A 


■ T 




1 

it 


* 

■' A 


A* 


■ 1 

1 

,50» 

02 



a 
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A 


A. 
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■*■ 

A 


A 


■ ■. 1 
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* ■ 

■A 


A. 
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■ * ; 

•A 


A 
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* 

A A 


■ A 
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X 
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A 


' A ■ 


•1 




1 



* 

* 


.A 


t 
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' * - 

A 


AA 


1: 




1 



* 

A 


A 


t .. 




X 



* • 

A 


A 


1 ■ 

1 

.35- 

01 




A,. 

AA 


A 


.» 




1 




A 


A 


■■ \ ■ 




1 



* 
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A 


i 




1 




A 


' Ai 


. , • 




1 





A 


1 




1 



if It 



•A 






1 
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♦ * 





I - •,• 




1 



* ■** 





, -t : 




1 


X 

Hitii 


1 


X 

, i 

2 

.65- 

01 


X 


--.•i 




o.oooq 



i.600Qi« 

02 


3 ; 

2000.02 





8.0000 

• 03 

2.4000^ 

02 

a 

,* 0000.02 







TIME 
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3,?, squaring loop 

THE SECOND EXAMPLE ILLUSTRATES THE DEFINITION OF. A MODELf 
NAMELY A squaring LOOP. SQUARING LOOPS HAVE BEEN UTILIZED IN 
DERIVING SUBCARRIER PHASE REFERENCES FOR DETECTION OF PHASE MODU" 
LATEO SIGNALS, THE . TOPOLOGY IS SHOWN IN THE ILLUSTRATION SINCE 
THE elements MAKING UP THE PROPOSED MODEL WERE USED IN THE APOLLO 
LINK simulation,. 
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■ 


SQUARINGLOOP 

MODELA 

0 1 

1 oooooooooono 

3YSTID PROCESSOR LEVEL III 





VERSION Dated a juuy ra for the msc uiios/uio system 

THIS DECK PROCESSED ON 11807874 AT 20ll2i25 


SYSTID MODELS REFERENCED 

ENTRY point 

LOOPFIUTER 

LEDLAG 

FMMOOULATQR 

FMMQD 

THIS MODEL ASSIGNED THE ENTRY POINT 

NAME MODELA 


MODEL r N7 - SQUARING LOOP • Nil 
N7 < $*$ > NS • 

N8 < $*N12 > N9 

N9 < LOOP FILTER C200 , ^ I . S775994, 0 , 1975l7l9i 0 , 5 > Nlo 
NIO < PM MODULATOR (8,<»PI#32.768E3) > Nil,, ' 

Nil < $*$-0,5 > N12 

’END ' ' • 


000001 

000002 

000003 

000004 

OOOOOS 

OOOQOS 

000007 
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6.3. filter response 

IN The final example, a filter is simulated, and Its fespdnse 

TO AN INPUT SIGNAL IS MEASURED FOR VARIOUS ’ BANDWIDTH8. THE SYSTEM 
VARIABLES . OT AND T8T0R : ARE. ADJUSTED APPROPRIATELY FOR -EACH 
bandwidth (BWj CONSIDERED, 

THE RESULTS SHOWN ARE THE FIRST PAGE OF PRINTED OUTPUT, AnD 
THE PLOTS GENERATED WHEN THE BANDWIDTH WAS 10,, AND 90. Rf.SPECTl- 
■ VELY, ' 
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TEST THE VARY/OIFINE FEATURE 


SYSTID PROCESSOR LEVEL III 

VERSION Dated uuly n for the msc unoe/iuo system 
THIS deck processed ON UtOTiTA AT 17lS7l54 


SYSTID MODELS REFERENCED ENTRY POINT 


BUTtERWORTH 


BUTWTH 

OOOOOl 

SYSTEM 

, TEST THE VARY/OEFINE FEATURE 

000002 

PRINT. 

0UTPUT#TE8TER 

000003 

PPLOT. 

output 

000004 

PAGE, 

small 

000005 

DEFINE 

. testers!. ♦CBW-.IO. 5/20 

OOOOOfe 

SETf 

NPRINTsIO 

000007 

VARY. 

BW?10,8HO.»20, 

000008 

SET! 

DTS.05/BW 

000009 

OOOOJO 

oooou 

SETt 

TSTGPsS/BW . 

INPUT< 1,0 >Ni 

Nl< 8UTTERWORTH(5r!iOMBWfO.;rl,5 iOUjPUT 

000012 

END 



time 

OUTPUT 

Tester 


TIME 

output 

tester 


time 

output 

TESTER 


SYSTtO USERlS MANUAL 
TEST THE VARY/DEFINE FEATURE 


.000000 ,500000-01 ,100000+00 
, 597956-04 ,434828+00 ,112984+01 
. 100000+01 , 100000+01 , 100000+01 


, 200000+00 

,101650+01 

, 100000+01 


,400000+00 

. 100021+01 

, 100000+01 


.250000+00 

.994126+00 

, 100000+01 


.,450000+00 

,999938+00 

, 100000+01 


,300000+00 

. 100202+01 

, 100000 + 0 ! 


.500000+00 

, 100002+01 

, 100000+01 


6 * 16 


,150000*00 

,,954789+Oft 

, 100000 + 0 ? 


,350000+00 

,999332+00 

, 100000 + 0 ? 
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* OUTPUT 


TEST THE VARY/DEFINE FEATURE 








♦ ' ' i 

"■ ' I 

* . ■ . S; 

♦ ★ t*]ir** *****r'^ •'■ *f\ 

****** •****■♦#•;, 

* . * * ■• ' ' . ! 

■ ‘ ■ 1 

' '-■• • , . i 


r * 

** i 1 i , i , 

0,0000 2,0000*01 a.'oooo-oi 

1.0000*01 3.0000*01 5, 

TIME 



а. 'ootoo 
1 . 60+00 

1 . 20+00 

б. 00-01 
« .00-01 
0.00 
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+ OUTPUT 


TEST THE VARY/DEFINE FEATURE 




1 J 

I . • . * 4 


* . 

*** 

* 

* ***** .****^ .**** "* 
***** ***** **** ***** 

'*,'**■■ 


1 
I 
I 
1 
1 
I 
1 
i 

,. 1 ■ 

p « 4. « «B .c t. «. 

I 
1 

1 . 

1 
1 
1 
1 

■ I-'. 

1 

1 
I 
t 
I 
I 
I 
I 
I 
1 

flP I ® 

1 +■ ■.,■■,} 

! ! 

■■ y * . ■ I. ‘ 

V -■ ■ ■ . ■■ 1 ' 

1 +■ . > . t 

■■■ 1 * ■ - . j 

.!*■ ■■. i : 

t i , : -i - I ; _ 

0.0000 3,0000-02 6j0O0O»02 

1,5000-02 4,5000-02 T.'SoOfl-oi 

TIME 


■I 

■ i 
- 1 
• 1 

I 

• ! 

'■ 1 

1 

i 

1 

■ J 

•• i 

1 

'■ i 

1 

!•* 

■ 1 

■ •! 

'. I 

— — 

1 

1 . 

1 

• 1 
1 
1 
1 
i 
i 
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7. APPENDlX.p..,....,SYSTIO LEVEL III FOP THE LEVEL 2 USER 


there are several differences between the old level of systid 

AND level tit OF SYSTID WHICH THE USER MUST BE AWARE OF. THE 
differences are HOPEFULLY AN IMPRQVEMENTr ADDING TO THE INHERENT 
FLEXIBILITY OF SYSTID. THE CHANGES MADE CAN BE SUMMARIZED AS 
FOLLOWS I 

Cn generalized TOPOLOGY 

A) MODELS DIRECTLY HAVE MULTIPLE INPUTS AND 
OUTPUTS 

9) TAPS HAVE BEEN ELIMINATED 

C) TOPOLOGY STATEMENTS ARE NO LONGER SORTED, 

BUT ARE EXECUTED IN THE ORDER IN WHICH THEY 
ARE INPUT 

0) NODE NAMES MAY BE USED IN EXPRESSIONS 


(2) NODE TYPING 

A) SYSTID NODES MAY NOW BE TYPED EITHER REAL 
OR COMPLEX. COMPLEX NUMBERS, .WILL BE PRO-' 
CESSED CORRECTLY THRU ALL EXPRESSION EVALUA-* 
TIONS. 

B) ' THERE ARE CONVENIENT METHODS OF ACCESSING 

BOTH THE REAL AND IMAGINARY PARTS OF A 
COMPLEX NODE 

(3) FORTRAN STATEMENTS. 

A) executable FORTRAN STATEMENTS (iNCLUDlNS 
FORMAT) MAY NOW BE INTERMIXED WITH 
TOPOLOGY statements USING A SPECIAL LEFT 
NODE FIELD. 

B) , NON-EXECUTABUE FORTRAN STATEMENTS MAY NOW. 
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BE INTERMIXED WITH SYSTID COMMANDS 

T.l, SENERAUIZED TOPOLOGY 


7.1.1. multiple inputs and outputs 

THE NODE NAMES INPUT AND OUTPUT NQ LONGER HAVE A 
SPECIAL MEANING IN SYSTID. THE NEW VERSION ALLOWS MULTIPLE INPUT 
AND OUTPUT NODES WITH A MODEL DECLARED AS FOLLOWS! 

MODEL , IN1,,;.« INK MODEL NAMi(AR01,...,ARGNj ... DUTl . .'../OUTj . ' 

THE parenthesis AND COMMAS IN THE MODEL NAME ARGUMENT LIST ARE 
REGUIRED. THE . CHARACTER MAY BE' ANY NON-ALPHANUMERIC CHARACTER, 
HOWEVER,, TO AVOID CONFUSION THEY SHOULD NOT BE A- OR '5'. TO 
AVOID ambiguity IN THE CASE WHERE- THE MODEL NAME IS LESS THAN 
SEVEN CHaRCTERS AND THERE ARE NO ARGUMENTS TO ,;THE MODEL* THE 
following forms may be USEOI 

.... - name n . ... 

■ 'OR 
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REFERENCINS. A MODEL IS ACCOMPLISHED IN A, MANNER SIMILAR TO THE THE 
DECLARATION OF A MODEU 

INI.... INK < MODEL NAM.ECARGl»,..ARGNj > « OUTl . . . .. OUTJ 

EXAMPLEJ a model to add FOUR NODES TOGETHER AND I:<ULTIPl¥ 
THE RESULT BY A CONSTANTi 

MODEL * INt.INa.IN3.INR * AOORCARG) * RESULT 
INI < $ ♦ IN2 ♦ INS. ♦ INfl > TEMP 
TEMP <' TEMP A ARO > RESULT 
END 


A typical REFERENCE FROM ANOTHER MODEL OR SYSTEM MIGHT BE! 


NODEl-NODEa-NODIS-NODER < ADD«(2,718) , > NODEiO 


T.t.a. elimination of taps 


TAPS . ARE NO LONGER RECOGNIZED BY 8YSTID.- In THE PRE» 
VIOUS VERSION, TAPS WERE USED FOR SEVERAL REASONSi 


1) TO ALLOW A DANGLING NODE, FOR OUTPUT OR SOME OTHER 
REASON, WHICH WOULD OTHERWISE CAUSE A DIAGNOSTIC 
AND AN aborted RUN. 

DANGLING NODES ARE ALLOWED IN. THE NEW VEHSION, 

aj TO PROVIDE MORE THAN ONE INPUT OR OUTPUT TO A 
MODEL. 
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MULTIPLE INPUTS AND OUTPUTS ARE ALLOWED IN THE NEW- 
VERSION, 

3) TO USE THE VALUE OF A NODE IN AN EXPRESSION, . 

NODE NAMES ARE ALLOWED IN EXPRESSIONS IN THE NEW 
VERSION,/ 

A) TO ISOLATE THE OUTPUT OF A MODEL FROM THE VALUE AT 
THE NODE TO WHICH THE MODEL IS CONNECTED (THE VALUE 
OF THE NODE IS THE SUM, OF. ALL THE OUTPUTS OF THE 
MODELS CONNECTED TO THE NODE), 

IN THE NEW VERSION, THE OUTPUT OF MODEL'S HaV BE. 
SEPARATED BY THE INSERTION OF A DUMMY EXPRESSION 
BETWEEN THE MODEL OUTPUT AND THE OUTPUT NODE. 

FOR EXAMPLE, IN THE OLD VERSIDNl 

N1 < MODEL! > N3 * TAP! 

N2 < MODELS > N3 

IN THE NEW VERSION, THE COUNTERPART WOULD BE! 


N1 < MODEL! > TAP! ■: 

TAP! < S > N3 ' 

N2 < MODELS ’> N3 , 

IN BOTH CASES TAP! IS THE OUTPUT OF MODEL! AND 
N3 IS THE SUM OF THE OUTPUTS, OP MODEL! AND MODEL®. ' 


7,1.3, SORTING 


IN all PREVIOUS VERSIONS OF' 8Y8TID, the TOPOLOGY, statements 
WERE sorted as the FORTRAN CODE WAS GENERATED IN AN ATTEMPT TO 
COMPUTE All OUTPUT NODES BEFORE THEY WERE NEEDED FOB INPUT To SOME 
other MOoEL, IN THE NEW VERSION, SORTING IS NOT PERFORMED, THE 
ORDER OF THE MODEL REFERENCES IS LEFT TO THE USER. .THIS GIVES ThE 
USER GREATER CONTROL OVER WHAT FINALLY HAPPENS IN THE GENERATED 
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PROGRAM. AND MAKES POSSIStE THE MIXING OF- FORTRAN STATEMENTS WITH 
THE topology STATEMENTS, 

NODE NAMES XN EXPRESSIONS 

A node name may be used in any topology or fortra^n Statement 

AND THE CURRENT SIMULATION VALUE , OF THE NODE WILL BE USED,\^flNcE 
THE TOPOLOGY STATEMENTS ARE NO LONGER SORTED, THE PROPER ARRAN^'^w 
MENT OF STATEMENTS TO INSURE THE CORRECT VALUE BEING USED IS NOW 

facilitated, , 

T.g. NODE TYPES AND ACCESS TO NODES 


T.a.l. NODE TYPES 

IN THE PREVIOUS VERSION OF 8YSTI0.ALL NODES. WERE ASSUMED TO 
BE COMPLEX FOR THE PURPOSE OF STORAGE ALLOCATION , COMPLEX VALUES 
WERE TRANSMITTED FROM ONE MODEL TO ANOTHER ONLY IF THE INTERVENING 
NODE HAD ONLY ONE MODEL OUTPUTTING. TO IT, . IF MORE THAN ONE MODEL 
HAD ITS Output AT A node, the imaginary parts of the complex NODES 
WERE NOT SUMMED CORRECTLY,. 

IN THE NEW VERSION, ALL NODES ARE ASSUMED TO BE REAL UNLESS 
THEY ARE DECLARED COMPLEX BY USE OF THE FOLLOWING STATEMENT! 
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COMPLEX „ .‘..NODE LIST.,.., 

ALSO, all nodes may BE FORCED TO BE COMPLEX BY U8IN61. 

IMPLICIT COMPLEX 

WITH ALL NODES BEING COMPLEX,. REAL NODES MAY BE DECLARED BYJ 

REALw.t.NODE LIST... 

RESTRICTiON. ALL. .NODES IN A 8YSTID . M.ODEL . . OR 
SYSTEM are thus typed EITHER REAL DR COMPLEX, OTHER VARIABLES MAY 
BE OF any type DEPENDING. ON THE FIRST LETTER OF THEIR' NAME AND AnY 
FORTRAN TYPE STATEMENTS WHICH THE. USER MAY WISH TO INCLUDE. THE 
FORTRAN implicit STATEMENT IS ILLEGAL; IN 8YST1O. 

ALTHOUGH SPECIFIC TYPE. STATEMENTS MAY BE USED .(E,G. INTEGER, ETC) . 
IF FORTRAN TYPE' STATEMENTS ARE NOT USED, THE FOLLOWING RULES 

apply I " - 

■ ■ ■ . A-H, 0 -V,X,Y are' REAL . 

I-N,Z ARE INTEGER-' 

W IS COMPLEX 

THE USER SHOULD BE CAUTIOUS IN USING VARIABLES WHICH BEGIN 
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WITH the letters VrW> AND Z AS A CONFLICT WITH INTERNAL 
variables may result, the user is also cautioned To check The 

TYPES OF VARIABLES USED AS ARGUMENTS PASSED TO MODELS OR IN MODEL 
DEFINITIONS, 

T.a.a. ACCESS TO COMPLEX NODES 

IF A NODE NAME , IS TYPED ' COMPLEX, ANY FORTRAN STATEMENT 
referencing' THE NODE WILL USE THE ^ COMPLEX . VALUE. THE FORTRAN 
INTRINSIC FUNCTIONS REAL AND AIMAO MUST BE USfD fO 

reference THE REAL OR IMAGINARY PARTS. 

8Y3TID TOPOLOGY STATEMENTS ALSO USE THE COMPLEX VALUE OF A 
COMPLEX NODEr., AND ACCEPT THE FUNCTIONS RfA'L. AND 
ALSOf the, topology STATEMENTS ACCEPT THE FOLLOWING- SHORTHAND 
.NOTATIDNJ 

#NOOE s> REALCNODE) 

SNDOE' ia> AIMAOCNODE) 

$$NODE n> #N0DE e> REALCNOOE) . 

S o> VALUE OF THE FIRST INPUT NODE 

FOR EXAMPLE I 

complex * X,Y,R,S 

X <■ $ + + ,$S' > Y 

will GENERATES YsX + REALCR) + AIMAG(S) 
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sysTid post*processins commands (PRINT, plot»ppi,dt,>ost, save) 

ARE AN EXCEPTION IN THAT A NODE NAME REFERENCES EITHER A REAL NODE 
OR THE REAt PART OF A COMPLEX NODE, IF THE IMAGINARY PART OF A 
NODE IS To BE SAVED FOR POST^PROCESSING, IT MUST BE PRECEEOEO BY A 
DELIMITER. THE S IS RECOMMENDED FOR THE DELIMITER TO CONFORM TO 
THE notation USED, ABOVE., FOR EXAMPLE! 

COMPLEX * X,Y,CT 
PRINT * X,$Y,CT,$CT 

WILL PRINT THE REAL PART OF X, THE IMAGINARY PART OF V, AND BOTH 
THE REAL AND , IMAGINARY PARTS OF CT. , 

T,2,3, FORTRAN .ACCESS TO SVSTIO NODES' 

IN GENERAL, SYSTID NODES MAY BE USED IN FORTRAN STATEMENTS 
JUST AS IF THEY WERE VARIABLES, WITH ONE IMPORTANT EXCEPTION, 
BECAUSE OF RESTRICTIONS IN THE FORTRAN. COMPILER AND THE FACT 
THAT nodes are NOT VARIABLES, BUT ARE DEFINED AS LOCATIONS IN ThE 
V-ARRAY, SYSTID NODES CANNOT APPEAR IN FORTRAN WRITE STATE*- 
MENTS, INSTEAD, A. FORTRAN VARIABLE MUST BE SET EQUAL TO ThE 
NODE , AND THE VARIABLE PRINTED. SEE 'EXECUTABLE FORTRAN & 
FORMAT STATEMENTS' FOR AN EXAMPLE, 
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7,3. intermixing fortran statements 

all systid statements are either commands# topology sta« 

TEMNTS, QR THE END CARO, ALU COMMANDS CP08T,DEPAULT#ETCi MUST 
APPEAR AT THE BEGINNING OF THE MODEL COR SVSfEM) AND 
ALL TOPOLOGY STATEMENTS FOLLOW THE COMMANDS. EXECUTABLE FORTRAN 
statements and. labelled format STATEMENTS MAY BE INTERMIXED WITH 
SYSTID TOPOLOSY STATEMENTS, NON^EXECUTABUE FORTRAN STATEMENTS 
WITH THE EXCEPTION OF THE FORMAT STATEMENT MAY BE INTERMIXED 
WITH THE SYSTID COMMANDS, ' 

7.3.1. executable FORTRAN AND FORMAT STATEMENTS 

EXECUTABLE FORTRAN STATEMENTS MAY BE INTERMIXfO WITH SYSTlO 
TOPOLOGY statements IN ANY OF THREE WAYSl 

FORMl »> 

FORTRAN .. ...Fortran STATEMENT... 

EXAMPLEI FORTRAN * XX w NODEl 

FORTRAN * WRlTEt6#300)TIME#XX 

F-QRMa (SHORTHAND) s=> 

4TRAN « ..^FORTRAN STATEMENT 
EXAMPLE! «TRAN * IFCTIME.GT.l.) NODESpO 

NOTE8 there cannot BE ANY BLANKS BETWEEN THE » <t » & THE' » T » 4 TRAn 
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P0RM3 (LABEUEO STATEMENT) ?:> 

LABEL ....FORTRAN STATEMENT..'., 

EXAMPLEI 300 FORMATC* S2FlO,Sj 

NOTCl there cannot BE ANY IMBEDDED BLANKS IN THE LABEL.' 

A BLANK MUST FOLLOW THE LABEL. 

T.3,2. NON-EXECUTABLE FORTRAN (EXCEPT FORMAT) 

NON«EXECUTABLE FORTRAN , STATEMENTS MAY BE INTERMIXED WITH THE 
IY8TID COMMANDS, WITH THE EXCEPTION OF FORMAT AND ■ IMPLICIT 
STATEMENTS. FOR EXAMPLEl 

SYSTEM A- USE^FORTRAN 

DEFAULT t TSTOP»»lp,DT?t.01 

DIMENSION TABLE(S)/1.,2.,6.,2A.,120./ 

PRINT * N1,N2 - 
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8. correlation or RE9UIREMENTS WITH DEVELOPMENTS 

THIS: SECTION CORRELATES THE REQUIREMENTS AS PRESENTED IN TwE 
statement of work FDR CONTRACT NAS9 13779, SECTION 3.3,1, 
SIMULATION LANGUAGE ENHANCEMENTS WITH THE DEVELOPMENTS 

documented above, 

MULTINOOE models (SOW 3.3,1,’U ■ 

refer to 3,3. 1,3 MODEL DECLARATION AND 3’«.3 MODEL 

REFERENCES,' 

SIMPLIFY EXPRESSION processing (SOW. 3,3, 1 ,3). 

refer to 3. «, 3 accessing NODES IN EXPRESSIONS AND S.S.’S 
VARIABLE NAMES and TVPE CONVENTIONS, 

AUTOMATIC CHECKPOINT (SOW 3.3. 1.3) 

A SUBROUTINE CHKPNT IS AVAILABLE IN THE LIBRARY WHICH WIUL 

checkpoint the SIMULATION PROGRAM WHENEVER IT IS CALLED.' THE 

CHECKPOINTED RUN CAN BE RESTARTED WITH THE; EXEC8 sRSTRT 
command. the CALL CAN BE INTERMIXED WITH THE SIMULATION 
topology (SEC, .3,5), FOR EXAMPUEl 

FORTRAN * IF(MOOCTIME,10.).LT.DT) CALL CHKPNT 

conditional termination (SOW 3,‘3,1.<I) 
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REFER TO 3,5 INTERMIXING FORTRAN, A STATEMENT To TERMINATE 
THE PROGRAM CAN BE INTERMIXED WITH THE SIMULATION TOPOLOGY# 
FOR EXAMPLES 

FORTRAN S IPtNOOES.GT, CUTOFF) GO TO 99200 

8Y8TI0 table DEFINITION {SOW 3.3, 1,5) 

refer to 3.5,2 NON-EXECUTABLE FORTRAN. THE REFERENCED 
section contains an EXAMPLE OF TABLE DEFINITION, 

SAVE (SOW 3. 3, I, 6) 

refer to 3. 3, 3,6 SAVE, RESULTS MAY BE SAVED ON FILE BY USE 
OF THE SAVE COMMAND, , : 

MODIFY SORT (SOW 3. 3, 1.7) 
refer to 7,1,3 SORTING 

OUTPUT format capability (SOW 3, 3. 1,8) 

REFER TO 3.5 INTERMIXING FORTRAN. BY NOT INCLUDING ThE 
print COMMAND# WHICH GENERATES THE STANDARD PRINTED OUTPUT# 
AND USING INSTEAD THE FORTRAN INCLUDE STATEMENT, THE USER 
MAY INSERT HIS OWN PROCEDURES FOR I/O INTO THE SIMULATION 

program, 

cross-reference OUTPUT (SOW 3, 3. 1.9) 

refer TO 6, EXAMPLES, THE NODES ARE AUTOMATICALLY 
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CROSS-REFERENCED , WITH THEIR ; LOCATION IN THE V-ARRAT IN ThE 
generated FORTRAN LISTING. 

automatic CORE SUING (SOW 3.3,1,10) 

THE FIRST PHASE OF 8VSTID NOWREOUIRES LESS THAN aOK WOROS 
OF CORE, THE SECOND PHASE DYNAMICALLY EXPANDS AND CONTRACTS 
CORE AS REQUIRED. REFER TO 3,8,3 CORE MANAGEMENT. 

AUTOMATIC DIRECTORY UPDATING (SOW 3,3.1.11) 

WHEN A MODEL IS COMPILED 8Y 8V8T1D, A DIRECTORY CARD I8 
printed for the model* which MAY BE ADDED TO THE DIRECTORY 
WITH THE EXECS EDITING FACILITIES. REFER TO 8.‘S SYSTID 
MODEUi DIRECTORY AND 8. EXAMPLES, . 

REAL & COMPLEX NODES (SOW 3,'3,1,,13) 

refer TO 3,3,2 NODE TYPING, AND 3.3.3 I/O AND 

post-processing, and 3.S.3 accessing nodes in 
expressions. 

MODEL debugging CAPABILITY (SOW 3.3,1.13) 

refer to 3.5 intermixing FORTRAN, A SUBROUTINE EXISTS IN 
THE library. WHICH PRINTS THE PORTION OF THE V-ARRAY ALLOCATED 
TO A -MODEL, IF A CALL TO THE SUBROUTINE . IS INCLUDED IN THE 
MODEL, FOR example I 

FORTRAN * CALL DE8UG('.I0ENT'',Z,Z,Z) 
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other I/O STATEMENTS OF THE USERS CHOICE CAN A1.SO BE INCLU- 
DEDi, 

8V8TID MODIL.1NG AIDS CSOW 5,3.1,i«j 

REFER TO 3,5 INTERMIXING FORTRAN, A USER CAN WRITE A MODEL 
ENTIRELY IN FORTRAN, AND 'BY PRECEEDINS IT WITH A CORRECT 
MODEL STATEMENT, ALL INTERFACING WILL BE GENERATED . AUTOMATI- 
CALLY. 

CONVERT 8V8TID TO EXECS (SOW 3,3,1,15) 
refer to THE PREFACE. 

interactive GRAPHICS INTERFACE (SOW S.'S.l.lAj ' ' 

REFER TO 9, MOPS GRAPHICS PACKAGE, 

MISC, 8Y8TI0 enhancements (SOW 3,3,1,17) 

covered in sow 3,3,,1,T THROUGH SOW 3, 3,1, IS, 



8Y8TI0 USERjS MANUAL 9»1 

9, MOPITS INTERACTIVE GRAPHICS OUTPUT PROCESSOR 

■8RAPIC OUTPUT FROM 8VSTIO NORMALLY CONSISTS OF PRINTER PLQT8 
OR 8CW020 PLOTS ON THE J8C^ UNIVAC SYSTEM, HOWEVER, USE OF THE 
JSC- MOPS- TERMINAL WAS IMPLEMENTED THROUGH USE ' OF THE SAVE 
COMMAND AND. THE DEVELOPMENT OF A PROGRAM TO. DISPLAY SAVED SVSTIO 
DATA, This PROGRAM IS RESIDENT IN THE 8Y8TI0-AB8 file AND IS 
NAMED MOPITS, 

THE PROGRAM QUERIES THE USER: FOR THE 8Y8TID FILE QUALIFIER 
AND NODE , NAME (AS DEFINED WITH SAVE COMMAND) , AND THE TImE 
LIMITS, tX»AXIS) , FOR THE PLOT,- THE DATA IS FRAMED, IF NECESSARV, 
INTO SEVERAL PICTURES WITH CONSISTENT AXIS SCALING FOR THE ENTIRE 
SET, 

THE PROGRAM WAS WRITTEN IN MODULAR FORM. AND MAy BE .EASILY 
MODIFIED TO SATISFY THE WHIMS OF ANY USER, 

THE EXECUTION PROCEDURE IS AS FOLLOWS! 

PXQT8Y8TI0-AB8. MOPITS 

THEN! 

, KEY IN FC-0 

. RESPOND TO THE QUESTIONS PRINTED ON THE SCREEN . 

.TRANSMIT A, BLANK TO CONTINUE INTO THE NEXT PlBt 
OUTPUT FRAME . 

, TYPE IN STOP FOR A GRACEFUL EXIT, OR 'P' TO 
ABORT ■ 
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